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Optimized Mmigenes and Peptides Encoded Thereby 

CROSS-REFEREKCSS TO RELATED AFPUCATIONS 
S Tbie present appUcation dahns fKioiity to U.S. Provisional Application No. 60/173,390 filed 

December 28, 1999, ^wMch is hei^ incoipofatsd by inference. 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT 

10 This Invention was made wilh Federal Rinding assistance. Accoidingly, tbeU.S. government 

may have certain rights to the invention. 



BACKGROUND OF THE INVENTION 
Thiis present invention relates to tiie field of biology. In particular, it relates to polyepitopic 
IS vaccines and mediods of designing such vaccines to provide increased immunogenicity. Li certain 

enibodimeiits, die polyepitopic vaccines is encoded by a minigene tiiat provides qitimized immunogmcity of 
the construct 

The technology relevant to multi-epitope (•'minigene") vaccines is developing. Several 
independent studies have established that induction of simultaneous iTTirmmft responses against multq>le epitopes 

20 can be achieved. For exanq^le, responses against a large number of T cell specificities can be induced and 

detected, hi natural situations, Doolan et aJ [Immunity, VoL 7(1):97-112 (1997)] simultaneously detected recall 
T cell resppnses, agaxxist as many as 17 different P.^c$»irunt epitopes using PBMC from a smgle donor. 
Similariy, Bcrtoni and colleagues [J Clin Invest, Vol 100(3):503.13 (1997)] detected simultaneous responses 
against 12 different HBV-derived epitopes in a single donor. In terms of immunization with multicptope DNA 

25 minigene vaccines, several examples have been rqK>rted i^ere multiple T cell responses were induced. For 
cTcample, minigene vaccines con^sed of approximately ten MHC class I epitopes in whidi all epitopes were 
immunogenic and/or antigenic have been reported. Specifically, minigene vaccines composed of 9 BBV 
[Thomson et al., Proc Natl Acad Sci USA, VoL 92(13):5845.9 ( 1995)], 7 HIV [Woodbeny et aL, ^ Virol VoL 
73(7):5320-5 (1999)1 10 murine [Thomson et al., J Immunol Vol. 160(4); 17 17-23 (1998)] and 10 tumor- 

30 derived [Mateo et al., J Immunol Vol. 163(7):4058-63 (1999)] epitopes have been shown to be active. It has 
also been shown that a multi-epitope DNA plasmid encoding nine different HLA-A2. 1- and Al 1 -restricted 
epitopes derived firom tiie HBV and HEV induced CTL against all ^itopes [Ishiolca et aL, J Immunol, VoL 
162(7):3915-25 (1999)]. 

Thus, xninigene vaccines containing multiple MHC Class I (t e., CTL) epitopes can be 

3S designed, and presentation and recognition can be obtained for all epitopes. However, the immunogenicity of 
multi-epitope constmcts appears to be strongly influenced by a number of variables, a number of which have 
heretofore been unknown. For exanqsle, the immunogenicity (or totigenicity) of the same epitope expressed in 
the context of different vaccine constmcts can vary over several orders of magnitude. Thus, tiiere exists a need ' 
to identify strategies to optimize multiepttope vaccine constructs. Such optimization is inoportant in teems of 
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iDductHm of poteot ifnrifmnc responses azid iiltimatBly» cHiucal efficacy. Aocoa:ding}y» tiie present invention 
provides stiat^ies to o p t iiulz e antigenicity and ixmnunogoiid^ of polyepitppic vaccines enooixq>assing a kige 
number of q>itopes, and optimized polycpitx^ic vaccines, paitlcularly minigcne vaccines, geneiatBd in 
accordance with diese stratesgies. 
5 The foUowixigparagrqilis provide a brief review of some of die main va^^ 

infhiencing minigene immunogenicity, epitope pxx>cessing» and presentation on antigen presenting cells (APCs) 
. in association widi Class I and Class n MHC molecules. 

10 Of die many diousand possible pqitkles dial are encoded by a con^lexfore^ 

a small fraction ends op in apeptkte fonsl capable of binding to MHC Class I antigens and thus of being 
recognized by T cells. This phenomenon, of obvious potential in^ct on the developn^t of a muM'-epitope 
vaccine, is known as fminunodominance [YcwdelletaL^AmuRevIntrnmol, 17:51-88 (1999)]. Several major 
variables contribute to imnxonodominance. Herein, we describe variables afTecting die generation of die 

1 5 appropriate peptides, bbdi in qualitative and quantitative temis, as a result of inlracelluIaT processing. 

fimctional Epitopes 

A junctional epitope is defined as an epitope created due to die juxtaposition of two other 
epitopes. The new epitope is composed of a C-terminal section derived fiom a first epitope, and an N-tenninal 

20 . section derived from a second epitope. Cieation of junctional epitopes is a potential problem in the design of 
multiqiitqse Tnttiigeiift vaccines, for both Class I and Class n restricted epitopes fbr the foUowmg reasons. 
Firsdy, when developing a minigene conqiosed of, or containing, human epitopes^ which are typically tested far 
inmumogenicity in HLA transgenic laboratory animals, the creation of murine q>itopes could create undesired 
imnumodomin'ance effects. Secondly, the creation of new, unintended epitopes for human HLA Class I or Class 

25 n molecules could eUcit in vaccine recipients, new T cell specificities tiiat are not expressed by infected cells or 
tumors diat are die targets-induced T cell responses. These responses are by definition irrelevant and ineffective 
and could even be countcqiroductive, by creating undesired immunodonuttance effects. 

The existence of junctional epitopes has been documented in a variety of different 
e7q[>erimental simations. Gefier and collaborators first demonstrated die effect m a system in which two 

30 different Class n restricted epitopes were juxtaposed and colinearly synthesized [Perkins et al., J Immunol VoL 
146(7):2137-44 (1991)]. The effect was so marked diat the immune system recognition of the epitopes could be 
con:q>letBly '^Henced** by these new junctional epitopes [Wang et aL, Cfe// Immunol^ Vol. 143C2):284-97 (1992)]. 
Helper T cells directed against junctional epitopes were also observed in humanQ as a result of immunization 
with a synthetic l^opeptide, which was composed of an HLA-A2-restricted HBV-derived inmiunodominant 

35 CTL epitope, and a universal Tetanus Toxoid-^crived HTL epitope [Livingston et al, J Immunol Vol. 

159(3):1383*92 (1997)]. Thus, die creation of junctional epitopes are a major consideration in the design of 
polyepitopic constructs. 

The present invention provides methods ofaddressingdiis problem and avoiding or * 
minimizing die occurrence of junctional epitopes. 
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- FlanldngjcBgiiaw 

GlassItestrictedqHtopesaiegeoaatedbyaoc^^ [YewdelletaL,itoni Jtev 

Jmmunot 17:51-88 (1999)]* Tjrnitf^ proteolsfsis iavolviag oidqicotBases aad potential trfimnfng by 
ezomoteases is foHowed by translocation aaoss fto endc^dflsmic reticulum CBR) meosbcanG by tEanspoctcf 
5 associated with antigen processing (TAP) molecules. The major cytnsolic protease con^lex involved in 
generatian of antigeoic peptides, and dien precinsor9» is the iHoteosome [Niedennasn et aL, Immumfy, VoL 
2(3):289-99 (1995)]» at&ougji BR trimnusg of CTL precuzsois has also been dononstrated [Paz et aL, Immunity 
VoL 11(2):241-51 (1999)]. It has long been debated wbedier or not die residues immediate^ flanking tbe C and 
N tBrnnniM of die epitope^ bave an influence on die efi^ency of epHc^ generation. 
10 Tbe yield and availabiltty of processed epitope has been inq>licated as a major variable in 

determining immmnogenica^ and could thus clearly have a major inyact on overall minigene potency indiat die 
.magnitude of immune response can be direcdy proportional to the amoimt of epitope bound by MHC and 
displayed for T cell recognition. Several studies have provided evidence ibat this is indeed the case. For 
example, induction of vims-specific CTL that is essentially proportioiial to epitope density [Wheny et aL, J 

15 Iminunol, VoL 1€3(7):373S45 (1999)] bas been observed. Furdia; recombinant minigenes, ^sMch encode a 
preprooessed optimal epitope have been used to induce higher levels of epitope expression dian naturally 
observed with full-lcnglh protein [Anton et al., J Immunol, VoL 158(6):253S-42 (1997)]. In general, minig^e 
priming has been shown to be more effective than priming with the whole antigen [Restifo et aL» J Immunol, 
VoL 154(9):4414-22 (1995); Ishioka et^U J Immunol, VoL 162(7):3915-25 (1999)], cventihough some 

20 excqitions have been noted [Iwasaki et aL, Vaccine, VoL 17(15-16):208 1-8 (1999)]. 

Early studies concluded that residues within the epitope [Hahn et aL, J Exp Med, 
VoL 176(5): 1335-41 (1992)] primarily regulate immnnogenicity. Similar conclusions were reached by other 
studies, mostly based on grafting an q>itDpe in an unrelated gene, or in die same gene, but in a different location 
[Oiimini et al., J Exp Med, VoL 169(l):297-302 (1989); Hahn et al., J Exp Med, VoL 174(3):733-6 (1991)]. 

25 Other experiments however [Del Val et aL, CeU, VoL 66(Q: 1 145-53 (1991); Hahn et aL, J Exp Med, Vol 
176(5): 1335-41 (1992)], suggested that residues localized direcdy adjacent to die CTL qsitope can directly, 
infhience recognition [Couillin et al^ JE^qi Med, VoL 180(3): 1 129-34 (1994); Bergmann et aL, y Virol VoL 
68(8):5306-10 (1994)]. In die context of minigene vaccines, the controversy has been renewed. Shastri and 
cowodcers [Shastri et al., Jtnnmnol Vol. 155(9):4339-46 (1995)] have found tiiat T cell responses were not 

30 significantly affected by varying the N-teiminal flatiTHng residue but were inhibited by the addition of a single 
C-terminal flanking residue. The most dramatic inhibitian was observed widi isoleucine, leucine, cysteine, and 
proUne as tiie C-tenmnal flanking residues. In contrast, Gileadi [Gileadi et al., ^ir J Immunol, VoL 29(7):2213- 
22 (1999)] reported profound effects as a function of die residues located at the N tenninus of mouse influenza 
vims q>itopes. Bergmann and coworkers foimd that aromatic, basic and alanine residues supported efficient. 

35 epitope iccognition, while G and P residues were strongly inhibitoiy [Bergmann et al., Jltitmunol, VoL 

157(8):3242-9 (1996)]. In contrast, Lippolis [Lippolis etal., J Vuol, Vol 69(5):3 134-46 (1995)] concluded diat 
substituting flanking residues did not effect recognition. However, only rather conservative substitutions, 
unlikely to affect proteosome specificity, were tested. 

It appears diat the specifunty of these effects, and m genoal of natural epitopes, roughly 

40 correlates with proteosome specificity. For exanqsle, proteosome specificity is partly Hypsin-ltke [Niedennann 
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et aL, Immunity. VoL 2(3):289-99 (1995)], with dcavagc foUowfag basic ammo adds. Nevcrficlcss. eflBdcnt 
cleavage afdiecaibo3cyl side of faydrapholncai^ Cooslsteotwithdiesc 
speeifidtles are die stadies (tf Saienim tm^ 

foUowmg die C-tenmnus of a pSB epitope affects ptoteosome-mediated piocessi&g of die ]ffotdn [Theobald et 
aL, J Exp Med, Vol 188(6): 1017-28 (1998)]. Sevoal odier studies IHanke et aL, J Cto Vtrol VoL 79 ( Pt 
l):83-90 (1998)^^lmnsonrtaL,i^^btfv4^ USA. VoL 92(13):5845.9 (1995)] indicated diat 
mizugenes can be ccHistnicted "tni^ang ■mtfititml epitopeSi and diat these flanking se<jiiences a p p e a r not be 
lequiied, altfaough the potential far findier opttmosation by die use of flanlring regions was also admowledged. 

b sim\ HIA Qass I epitopes, die efiEects of flanldng icgK^ 
presentadon of CTTL epitopes is as yet undefined. A systematic anatysis of die effect of modidadon of flanking 
regions has not been pexfomied for minigene vaccines. Thus, analysis utilizing Tninigcne vaccines encoding 
epitopes restricted by human Class I in general is needed. The present invention provides sudi an analysis and 
accordingly, provides polyepitcpic vaccine constructs optimized for immunogenicity and antigenicity, and 
methods of designing such constrccts. 

HLA Class n peptide conq>lexes are also genented as a resuhofa complex series of events 
that is distinct firom HLA Class I processing. The processing padiway involves association with Invariant chain 
(li), its transport to specialized compartments, the degradation of li to CLIP, and HLA-DM catalyzed removal of 
CUP (sec [Blum et aL, Crii Rev Immunol Vol. 17(5-6):41 1-7 (1997); Amdt et aL, Immunol Res, 
VoL 16(3):26 1-72 (1 997)] for review,) MoreovCT, there is a potential crucial role of various cadiepsins. in 
generaL and cathepsin S and L in particular, in li degradation [Nakagawa et aL, Immunity, VoL 10(2):207-17 
(1999)]. In temu of generation of functional q>itapes however, the process appeals to be somewhat less 
selective [Chapman BLA., Curr Opin Immunol VoL 10(1):93-102 (1998)1 and peptides of many sizes can bind 
to MHC Class H [Hunt et aL, Science, VoL 256(5065): 1817-20 (1992)]. Most or aU of the possible peptides 
appear to be generated [Moudgil et aL, J Immunol VoL 159(6):2574-9 (1997); and Thomson et aL, J Virol VoL 
72(3):2246-52 (1998)]. Thus, as conq>ared to die issue of flanking regions, die creation of junctional epitopes 
can be a more serious concern in particular embodiments. 

SUMMARY OF THE INVENTION 
This invention provides. disclosure of parameters useful to optimize die efficacy of 

pofyepitopic vaccines. Also disclosed are polyq)itopic constmcCs and nucleicic acids encoding such constnicts 

(minigenes). 

In one aspect, the invention provides a method for designing a polyepitopic constmct that 
comprises multiple HLA epitopes and is presented to an HLA Class I processing pathway, die method 
comprising steps of: (i) sorting die multiple HLA epitopes to mr\mm the number of junctional epitopes; (jj) 
introducing a flanking amino acid residue selected fromtilie group consisting of K, R, N, Qt G, A, S, C, and Tat 
a Cf*l position of an HLA-epitope con^rised by the polyq)itqpic construct; (iii) mtroducing one or more amino 
acid spacer residues between two epitopes conqnised by die poly^itopic construe^ wherein the spacer prevjcnts 
the occurrence of a CTL or HTL junctional epitope; and, (iv) selecting one or more polyqpitopic constructs diat 
have a minimal number of jimctional epitopes, a minimal number of amino acid spacer residues, and a . 
maximum number of K, R, N, GA S., C, or T at a C+1 position relative to each HLA qpitope. In some 
embodimes, the spacer residues are independently selected finom residues diat are not known HLA Class II 
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anHILqntiqia Sncfa a spacer often ccngnises at leart 5 ammo add lesjdupa ipdq>epi| ent^y Bel ^^t^ firm ft ^ 
graopoQDsistiiigofC^P.andN. M seme enAodnnentsfte spacer is CZPCTO. 

In same-embodimenlSy XDtcodiieiQg fte spacct lesidiies prevents die oocuzxeDce of a CTL 
ephopQ and finflier, wherein d&e spacer is 1 , 2, 3, 4, 5, 6, 7, or 8 amino acid residues indepentotly selected from 
^ gcoi^ conskting of A and G. Often, the flflnlrfTig residue is intioAiced at the C+1 position of a CTL epitope 
and is selected from the groap consisting of K, N, G, and A. 

In some embck lfment s, the flankiDg lesidtte Is adjacent to die spacer sequence. Hie methods of 
ihs inventian can also tnchide aihstitntiiig an M. temtiMl fcaiAie of gi^ HT-A ^Ppit^rpe ^qt it? tff n O 

terminus of an HLA ^itppe ccmpxised by die poi^epitopic constzoct widi a residue selected fiom die group 
conslsthig of E; R, N, and A. 

The methods of die invention can also further comprise a step of predicting a structure of die 
polyepitopic construct, and fiirdier, selecting one or more constructs diat have a mMmai structure le., diat are 
processed by an HLA processing padiway to produce all of the ^itcqies comprised by die constmct. 

In anodier i^ect; die invention provides a polyepitopic construct prepared using a mediod in 
acoocdancewidianyof claiins 1-9. Often, die qiitopes comprised by the polyepitopic construct are encoded by 
a minigene. In preferred embodiments, die polyepitopic construct encoded by die minigene is HIV-TT as set 
out inFigure 9, HIV-DG as set out in Figure 9, or HIV-TC as set out in Figure 9. 

DEFINITIONS 

The invention can be better understood with reference to the following definitions: 
Throu^ut diis disclosure, "binding data" results are often expressed in tenns of TCn's." 
IC50 is die concentration of peptide in a binding assay at which 50% inhibition of binding of a reference peptide 
is observed. Given the conditions in which die assays are run (i.c., limiting HLA proteins and labeled pqitide 
concentrations), diese values approximate Kd values. Assays for determining binding are described in detail, 
eg., in PCT pubhcations WO 94/20127 and WO 94/03205. It should be noted diat ICjo vahies can change, 
often dramatically, if die assay conditions are varied, and depending on the particular reagents used (e.g., HLA 
preparation, etc.). For exan^ile, excessive concentrations of HLA molecules wiO increase the apparent 
measured ICso of a given ligand. Alternatively, binding is expressed relative to a reference peptide. Althou^ 
as a particular assay becomes more, or less, sensitive, die IC^o's of die peptides tested may change somewhat, 
die binding relative to die reference p^tide will not significantly change. For exanqile, in an assay run under 
conditions such that die IQso of die reference peptide increases 10-fold, die ICio values of die test peptides will 
also shift approximately 10-fold. Therefore^ to avoid ambiguities, the assessment of whether a peptide is a 
good, intermediate, weak, or negative binder is generally based on its ICso, relative to the ICjo of a standard 
peptide. B inding may also be determined using other assay systems including diose using: live cells (eg., 
Ceppellini et al.. Nature 339:392, 1989; Christnick et al. Nature 352:67, 199 1; Busch et oLy Int Immunol 
2:443, 19990; HiUera^.y. Itwnunol 147:189. 1991; del Quercio era/., Immunol 154:685, 1995), ccU free 
systems using detergent ^ates (eg., Cerundolo e/a/L,y. Immunol 21:2069, 1991), immobilized purified NOiC 
(eg., Hdl et al, J. Immunol 152. 2890. 1994; Marshall et al., J. Inmunol 152:4946. 1994), BLISA systems 
(eg., Reay et a/., EMBOJ, 1 1:2829, 1992), surfece plasmon resonance (eg., Kfailko et al, J. Biol Chenu 
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268:15425. 1993); high flax soluble pliase assays Exp, Med 180:2353, 1994), and 

measuEoneiit of class I MHC slBhilmation or assembly (e^;, LjuBtggcen eT al^ Nature 346:476^ 199(H 
Sdmmacha etoL, Cd7 62:563, 1990; Townseml er dL, OsB tt:285, 1990; Paikn et aL, J. Immunol 149:1896, 
1992). 

5 Tl^e designation of a residuepositkm in an ^itope as the ''cariKnyl tennfniis" orthe **caibozyI 

teTTimial position^ refoTB to die lesidoe position at die end of die ^itc^ diat is neaiest to die cail)oxyl temmius 
of a p^tide, whii^h is designated, using conventional nomenclature as defined below. *X2 + 1" lefers to die 
residue or posxtkm inmediatsly fbOowiog die C-temsnal lesidue of die epitope 1 e., cefem to die residue 
flanking dieC-tenniBus of die epitope. The "caiboaqtf temnnal position" of die epitope occnrring at the 
1 0 caibozyl cod of die poly cpiti^ic constmct naay or may not actually correspond to the carboxyl end of 

polypeptide, hi prefened embodiments, die epitopes eoqiloyed in die optimized poty^itopic constructs are 
nootif-beanng ^itopes and die caiboxyl temxinus of the qpitope is defined widi respect to piimaiy anchor 
residues coiresponding to a particular motif. 

The designation of a residue position m an qiitope as **amiiio temmuis^ or 'Vumno^ennmal 
15 position" refers to the residue position at the end of the epitope wfaidi is nearest to the amiiio terminiB of a 

peptide, which is designated using conventional nomenclature as defined below. ''N-l" refers to die residue or 
position immediately adjacent to the epitope at the amino teiminal end (position number 1) of an eptiope. The 
"amino temiinal position" of die epitope occurring at the amino terminal end of the polyepitopic construct may 
or may not actually corresponds to die amino tenninal end of die polypeptide. In prefened enibodiments, the 
20 q>itopes employed In the optimized polyepitopic coostmcts are motif*bearing qsitopes and die amiao terminus 
of the epitope is defined with respect to primary anchor residues corresponding to a particular motif. 

A "con:Q>uter" or "conqniter system" generally includes: a processor; at least one information 
storage^retdeval apparatus such as, for example, a hard drive, a>disk drive or a tape drive; at least one input 
q)paratus such as, for exaxaple, a keyboard, a mousey, a toudi screen, or a microphone; and display structure. 
25 Additionally, die computer may include a communication channel in commmiication with a networic Such a 
conqyuter may include more or le^ than what is listed above. 

A ^'oonstrucf * as used herein generally denotes a composition thai does not occur in nature. A 
construct can be produced by syndietic technologies, e.^.. recombinant DNA pr^aration and cTqpression or 
chemical synthetic techniques for nucleic <x amino acids. A construct can also be produced by the addition or 
30 afiihation of one material with another such diat the residt is not found in nature in that form. A ^polyepitopic 
construct corr^rises multipe qiitopes. 

^Cross-reactive binding^' indicates that a peptide is bound by more dian one HLA molecule; a 
synonym is degenerate binding. 

A **cryptic epitope^ elicits a response by immunization with an isolated peptide, but the 
35 response is not cross-reactive in vitro when intact whole protein tiiat comprises the epitope is used as an antigeiL 
A "dominant epitope" is an q>itope diat induces an immune response i^n immunization widi 
a whole native antigen (see, e.g., Sercaras, er a/., Annu. Rev, Immunol 1 1 :729*766, 1993). Such a response is 
cross-reactive in vitro widi an isolated peptide epitope. 

With regard to a particular amino add sequ^ce, an "epitope** is a set of amino acid reskhies 
40 which is mvolved in recognition by a particular immunoglobulm, or in die context of T cells, diose residues 
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neocssfgy for recogniti oa by T cell recqrtor igotdns and/or Maj or HistPcofiTTpatibili^ Oon^llex (MHC) 
reoqjitDis. hi an imnmnft sy stgm scttfaife in vitro or in vitro, an epitope is to coIlBCtiye feahaes of a molecule, 
sudL aspximaiy, secondaxy and teitiaxy peptide stroctnEe, andchaige^ tiiat together fimn a sitexeoognizBdVy an 
fmmiinngtobulin, T cefl lec^rtor or HLA molecule, llnaiighout tibb disclosuxe epitope and pqrti^ ' 
used interchangeably. It is to be appreciated, however, &at isQlated or purified protein or peptide molecules 
larger tiian and eona^rising an q>iti^ of the invention are still wi&in the bounds of the mvention. 

A **flanlfhig residue" is a residue that is positioned next to an q>tiope. A ffanking residue can 
be introducedor insetted at at a position adjacent to die N-terminns or die C^enmnus of an epitope. 

An "immunogeDic peptkb* or *^cptide qiitope^ is a peptide that comprises an.aUele^specific 
motif or siqiennotif such that the p^tide will bind an HLA molecule and mduce a CTL and/or RTL response. 
Tbns, immunogenic peptides of the invention are cap^le of binding to an appi o pi late HLA molecule and 
dieieafiGr inducing a cytotoxic T cell refuse, or a he^serT cell response^ to die antigen from whidi die 
immunogenic pq>tide is derived. , 

'^eteroclitic analogs" are defined herein as a peptide with increased potency for a specific T 
cell, as measured by increased responses to a giveadose» or by a leqpiiirement of lesser amounts to achieve die 
same response. Advantages of heteroclitic analogs include tliat die antigens can be more ixytent, or more 
economical (since a lower amount is required to adiieve the same effect). In addition, modified epitopes might 
overcoming antigen-sx>ecific T cell unresponsiveness (T cell tolerance). 

*^uman Leukocyte Antigen** or ''HLA'*. is a human class I or class n Major 
BQstocon^atibility Con^lex (MHC) protein (see, e.g., Stites, etaL, iMMUHOVOGY, 8™ Ed., Lange Publishing, 
Los Altos, CA (1994). 

An^'HLA supertype or HLA femily,*' as used herein, describes sets of HLA molecules 
grouped based on shared peptide*bindiiig specificities. HLA class I molecules that share somewhat similar 
binding affinity for peptides bearing certain amino acid motifs are grouped into such HLA supertypes. The 
terms HLA stqperfamily, HLA supertype family, HLA &mily, and HLA xx-like molecules (where xx denotes a 
particular HLA ^ype), are synbi^ms. 

As used herein, *liigh afBnity** widi respect to HLA class I molecules is defined as binding 
with an IC50, or Kd value, of 50 nM or less; "intermediate affmi^' is binding widi an ICso or Kd value of 
between about 50 and about 500 nM. "High affinity" with respect to binding to HLA class II molecules is 
defined as binding with an IC50 or Kq vahie of 1 00 nM or less; 'intermediate affinity" is binding with an IC50 or 
Ko value of between about 100 and about 1000 nM. 

An 'IQso" is die concentzation.of pq>tide in a binding assay at which 50% inhibition of 
binding of a reference peptide is obs^ed. Given the conditions in which die assays are run (le., limiting HLA 
proteins and labeled peptide concentrations), these values approximate Ko values. 

The terms "identical" or percent '"identity," in the context of two or more p^tide sequences, 
refer to two or more sequences or subsequences that are the same or have a specified percentage of amino acid 
residues that are the same, when compmd and aligned for TnaTimnTri conespondence over a comparison 
window, as measured using a sequence conq>arison algorithm or by manual alignment and visual inspection. 

'Introducing^ an amino acid residue at a particular position in a polyepitopic construct, e.g., 
adjacent at the C-terminal side, to the C-terminus of the q>itope, encoixq>asses configuring multiple epitopes 
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such diat a desiied lesidae is at a paitkvQar fx^^ 

pief(Brab^a|»fiaEedormtemiediateami^ Anammoaddrcsidiiecaxi 
also t)eiDtrodiioed into a sequence by substi^^ PiefenUy, such a 

substitution is made in accordazice wifti asalogmg {Hincqdes set foxtii, eg., in co^>eDdiqg U^^. 09/260^714 
fOed 3/1/99 aod qyplication PCT/USOQ/19774. 

The phzases ^isolated" or *%iologicalfy pure" lefer to matBEial ^t is substantially or 
essentially free fixnn conqxmeiits whicli nonnaUy acconqMOiy die material as it is found in its native state. Iluis, 
isolated pqitides in accoidance widi tiie invention preferably do not contain materials normality associated with 
the peptides in tbeir iri jto oiviroimieot 

*XiDk" or *^*oin* refera to any method known in the art for functionally connecting pqitides, 
including, williout limitation, recombinant fbsion, covalent bonding, disulfide bonding, ionic bonding, hyckogen 
bonding, and electrostatic bonding. 

"Major HistooompatibiKty Conqilex^ or ^'hAHC^ is a cluster of genes tiiat plays a cole in 
control of the cellular interactions respondble for physiologic immune responses. In humans, tiie MHC 
co^^>lex is also known as tiieHLAconq>kx. For a detailed descxqition of the MHC and HLA coni^exes, see, 
Paul, Fundamental L^munouxjy, 3*® Ed., Raven Press, New York, 1993. 

As used heiein, '^middle of die peptide" is a position in a peptide that is ndtiier an amino or a 
carboxyl temmnis. 

A ""minimal nuniber of junctional epitopes" as used herein refers to a number of junctional 
epioptes that is lower than what would be created using a random selection criteria. 

The term "motif' refers to the pattern of residues in a pq>tide of defined length, usually a 
pq>tide of from about 8 to about 13 amino acids for a class I HLA motif and fiom about 6 to about 25 amino 
acids for a class n HLA motif, which is recognized by a particular HLA molecule. Peptide moti& are typically 
different for each protein encoded by each human HLA allele and differ in the pattern of die primary and 
secondary anchor residues. 

A **negative binding residue" or ''deleterious residue" is an anoino add whidi, if present at 
certain positions (typically not primary anchor positions) in a peptide epitope, results in decreased binding 
afGnity of the pqytide for the peptide's corresponding HLA molecule. 

"Optimizing" a polycpitopic construct refers to increasing the imnumogenicity or antigenicity 
of a constract by sorting epitopes to ™nitTnVg> die occurrence of junctional epitopes, insertix:^ flanking residues 
that flank the C-teiminus or N-teaninus of an epitope, and inserting spacer residue to ferthcr prevent the 
occunence of junctional epitopes or to provide a flanking residue. An increase in immunogemcity or 
antigenicity of an optimized polycpitopic constract is measured relative to a polyepitopic construct that has not 
been constructed based on the optimization parameters and is using assays known to tiiose of skill in the art, 
e.£r*> assessment of immunogemcity tn transgenic animals, ELISPOT, inteferon-gamma releast assays, tetramer 
staining, chronuum release assays, and presentation on dendritic cells. 

The term **peptide" is used interchangeably witii ''oUgopeptide" in tiie present specification to 
designate a series of residues, typically L*amino acids, connected one to the other, typically by pq)tide bonds 
between the a-amhio and carboxyl groups of adjacent amino acids. The preferred CTL-indnctng peptides of the 
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ionrentioii are 13 residues or less in lengfli and asoally consist of betwaea about 8 and about II reaidces, 

preferabV^Or lOcesidaeS, TIw p u Rfei r « rf WTr^ TrHt»ftmg «1ignp: y tf H« i m Icm Aaw <n rwiiAift» «i teng^ 

and usually consist of be^een d)ont 6 and abmit 30 lesidoes. 
between about 15 and 20 residues. 
S A ''FbziDR binding pqrtide or PADRB*™ peptide" is a member of a &mily of molecules diat 

binds more that one HLA class nDRm(^ecule. The pattern feat defines the PADRE™ family of mnlecnles can 
be draught of as an HLA Class n siq>emiotif. PADRB binds to most HLA*DR molecules and stimulates M vitro 
and oi vitro human he^r T lyirphocytB (HIL) responses. 

^hamHiceatically acceptable** refecs to a genmdly .nfm-toxk^ inei^ and/or physiologically 

10 compatible conposition. 

*Tresented to an HLA Class I processing pafeway" means that the polyepitopic constnicts are 
introduced into a cell sich diat they are lazgdy processed by and HLA Class I processing pathway. TypicaIIy» 
polyepitopic constnicts are iitfioduced into the cells using expression vectors tiiat encode die polyepitopic 
constructs. H]!A Class n epitopes tlmt are CTCoded by sudi a roinigene are also presented m 

IS aldioug^ the mechanism of entry of die epitopes into the Qass II processing patiway is not defined. 

A ^^primary anchor residue** or a *^rimaryMHC anchor^ is an amino acid at a specific 
position along a peptide sequence diat is understood to provide a contact point between the immunogenic 
peptide and the EDL A molecule. One to tliree, usually two, primary anchor residues within a peptide of defined 
loigdi generally defines a '^motif' for an inmumogoiic p^tide. These residues are undostood to fit in close 

20 contact with peptide binding grooves of an HLA molecule, with dieir side chains buried in qiecific pockets of 
the binding grooves themselves. In one embodiment for ^canqde, the primary anchor residues of an HLA class 
I epitope are located at position 2 (fiom the anoino terminal position) and at tlie caiboT^l terminal position of a 
9-residue peptide epitope in accordance with the inventioiL The primary anchor positions for each motif and 
supennotif are decribed, for cxaxaple, in Tables I and m of PCT/USOO/27766, or PCTAJSOO/19774. 

25 Furthermore, analog peptides can be created by altering die presence or absence of particular residues in these 
primary anchor positions. Such analogs are used to modulate the binding affinity of a peptide comprising a 
particular motif or supennotif 

Tromiscuous recognition*' occurs whm a distinct peptide is recognized by the same T cell 
clone in die context of various HLA molecules. Promiscuous recognition or binding is synonymous witii cross- 

30 reactive binding. 

A "protective immune response'* or '^erapeutic inmiune response** refers to a CTL and/or an 
HTL response to an antigm derived finm an infectious agent or a tumor antigen, which in some way prevents or 
at least partially arrests disease symptoms, side ejects or progression. The inmiune response may also include 
an antibody response tiiat has been ^cilitated by die stimulatron of he^>er T cells. 

3 5 The term 'Vesidue" refers to an amino acid or amino acid mimetic incorpoxated into an peptide 

pr protein by an amide bond or amide bond mimetic. 

A "secondary anchor residue** is an amino add at a position other tiian a primary anchor 
position in a peptide diat may influence pq>tide binding. A secondary anchor residue occurs at a significantly 
higher fiequen<^ amongst bound peptides dian would be expected by random distribution of amino acids at one 

40 positioiL The secondary anchor residues are said to occur at "secondary anchor positions.** A secondary anchor 
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l>ipdingpq)tide5,orarc3idneotfaetwiseassoci^^ ForexBmple, 
analog pqitidcs can be qeated by atemgtficpr^ 
anchor positioos. Such analogs are nsed to feidynH)ddate the bt^^ 
S paxtxcolar motif or stQxrmotif The tennnKdogy ''fixed pqitidc** is som^^ 

*^ortiiig ^ntopes'' lefera to detaxmning or designing an ordo: of Ac epitajpcs in a po^qntopic 

constiuct 

A **qiacer^re&CB to a seqaeace tfiatia mseited between two epitopes in a polyepitopic 
oonstmct to prevent die cccaxrenee of junctional qiitopes. FacHLA Class n q>ibopes, ^ spacer is five amino 

10 acids or longer in lengthy and &c amino acid residues in tlic spacer sequence sudi^ P, or N typically are not 
known to be primary anchor residues, of an HLA Class 11 motif (see, e^., PCT/USOO/19774}. 

A ' 'subdominant ^tope" is an qiitope which evokes Htde or no response vtpcm immnnization 
with whole antigens which conqmse ^ epitope^ but fi>r ^^ch a response can be obtained by iimmmization 
widi an isolated pepticte^ and Ibis response (unlike (he esse of czyptic epitopes) is detected whm^ole protein is 

IS used to recall die response in vttro or ^vA^. 

A ''supermotif' is a peptide binding specificity shared by HLA molecules encoded by two or 
more HLA alleles. Preferably, a supermotif-bearing peptide is recognized with high or intBrmediate affinity (as 
defined herein) by two or more HLA antigens. 

'*Syndi6lic peptide'* refers to a peptide that is not naturally occuiring, but is man-made using 

20 such methods as chemical synthesis or recombinant DNA. technology. 

A "TCR contact residue" or T cell receptor contact residue** is an amino add residue in an 
epitope tiiat is understood to be bound by a T cell receptor; diese are defined herein as not being any primary 
MHO anchor. T cell receptor contact residues arc defined as the position^ositions in the peptide where aD 
analogs tested induce negative IFNy production relative Id tiiat induced with wildtype peptide 

25 The nomenclature used to describe p^tide conqxyunds follows die conventional practice 

herein the amino groiq> is presented to the left (the N-terminus) and the carboxyl groiq> to the right (the C- 
tenninus) of each amino acid residue. When amino acid residue positions are referred to in a pq>tide epitope 
they are numbered in an amino to caiboxyl direction widi position one being the position closest to die amino 
tenninal end of the epitope, or the peptide or protein of which it may be a part In the formulae representing 

30 selected specific embodiments of the presoit invention, the amino- and carboxyl-terminal groups, although not 
specifically shown, are in die fma they would assume at physiologic pH values, unless otherwise specified.. In 
the amino acid stmcture fomnilae, each residue is generally represented by standard three letter or sii^e letter 
designations. The L-form of an amino acid residue is repres^ted by a capital single letter or a capital first letter 
of a three-letter symbol, and the D-fonn for diose amino acids having D-fonns is represented by a lower case 

35 single letter or a lower case three letter symbol. Glycine has no asymmetric caibon atom and is simply referred 
to as ''Oly'* or O. Synibols for the amino acids are shown below. 
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Sinele Letter Symbol 


Tluiii! l^sHer Svmbol 


Jkwniwut AWHa 


A 


Ala 




c 






D 


Aon 




B 


Qhi 




F 


File 


Phgfiylftlayttn^ 


G 


Gfy 


Gfyeine 


H 


He 




I 


ne 


Dsoleucme 


K 


Lys 


Lysine 


L 


Leu 


LCQCIDB 


M 


Met 


Me^anine 


N 


Asn 


Asparagtne 


P 


' Pip 


ProUne 


Q 


(M 


Qiutamine 


R 


Aig 


Atgiiiine 


S 


Ser 


Serine 


T 


Thr 


Threonizie 


V 


Val 


Valine 


W 


Tip 


Tiyptoplian 


Y 


Tvr 


TsTOsine 



Amino acid "chemical characteristics" are defined as: Aromatic (F,W, Y); Aliphatic- 
hydrophobic (UI, V, M); SmaU polar (S, T, C); Large polar (Q, N); Acidic (D, E); Basic (R, H, K); Proline; 
Alanine; and Olycine. 

follows: 
Antigen presenting cell 
Pan T cell mAiicKr 
Helper T lynqjhocyte marker 
Cytotofxic T lymphocyte madcer 
Caicinoembryonic antigen 
Cytotoxic T lymphocytes 

Dendritic cells. DC functioned as potent antigen presenting cells by stimulatiag 
<^'tQkine release from CTL lines diat were specific for a model peptide derived 
from hq>atitis B vims (HBV). In vitro experiments using DC pulsed ex vivo 
with an HBV peptide epitope have stimulated CTL immune refuses in vitro 
following defiveiy to n^e mice. 
Dimethylsulfoxide 

Enzyme>linke4 immunosoibant assay 
Effectontaiget ratio 
Fetal ca]f semm 

Granulocyte colony-stimulating factor 

Granulocyte-macrophage (monocyte)-colony stimulating factor 
Hepatitis B virus 
c-eibB-2 

Human leukocyte antigen 



Acronyms used herem are as 
APC: 
CD3 
CD4; 
CDS 
CEA: 
CTL: 
DC; 



DMSG: 
ELISA: 
E:T: 
PCS: 
G-CSF: 
GM-CSF: 
HBV: 

HER2/Neu: 
HLA: 
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15 



20 
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HLA-DR: 
HPLC: 

ma 

BTLz 

ED: 

IFNt 

IL-4: 

IV: 

LUsok: 

MAb: 

MAGE: 

MLR: 

MNC: 

PB: 

PBMC: 

SC: 

S.E.M.: 

QD: 

TAA: 

TCRi 

TNF: 

WBC: 
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Human IcukbcytB antigen dass n 

Helper T cells 
He^ser T Lyoqihocyte 
Identity 

interferon gamma 
Interienkin-4 cytokine 
Xntzayenous 

cytotoxic activity zcquired to adiieve 30% lysis at a 100:1 

(B:T) ratio 

Monoclonal antibody 

Melanoma antigen 

Mixed lynq)liocyte reaction 

Mononudear ceOs 

Per^heial blood 

Perq}IijBial blood mononuclear cdl 

Subcutaneous 

Standard error of die mean 

Once a day dosing 

Tumor associated antigen 

T cell receptor 

T\snor necrosis &ctDr 

White blood cells 



25 This application may be relevant to U.S.S.N. 09/1 89,702 filed 1 1/10/98, wMch is a CIP of 

U.S.S1<^ 08/205,713 filed 3/4/94, which is a CD? of 08/159,184 filed 11/29/93 and now abandoned, which is a 
CIP of 08/073,205 filed 6/4/93 and now abandoned, which is a CIP of 08/027,146 filed 3/5/93 and now 
abandoned. The present application is also related to U.S.S.N. 09/226,775, which is a CIP of U.S.S.N. 
08/815,396, which claims the benefit of U.S.S.N. 60/013,1 13, now abandoned. Furfhennore, the present 

30 appHcation is related to U.S.SJSr. 09/017.735, which is a CIP of abandoned U.S.S.N. 08/589,108; U.S.S.N. 

08/753,622, U.S.S.N. 08/822^82, abandoned U.S.SJvI. 60/013,980, UjS.S 08/454,033, U.S.S.N. 09/116,424, 
and U.S.SJSf. 08/349,177^ The present appticatipn is also related to UJS.S.N. 09/017,524, UJS.S.N. 08/821,739, 
abandoned U^.S.N. 60/013,833, U.S.S.N. 08/758,409, U.S.SIJ. 08/589,107, y.S.SJ^r. 08/451,913, UASll. 
08/186,266, U.S.S.N. 09/1 16,061, and U.S.S.N. 08/347,610, whidi is a CIP of UJ3.S.N. 08/159,339, which is a 

35 CIP of abanctoned U.S.S.N. 08/1033^. which is a CIP of abandoned U.S.S.N. 08/027,746, vMch is a CIP of 
abandoned U.S.S.N. 07/926,666. The present q>plicati<Hi may also be relevant to U.S.S.N. 09/017,743, 
U.S.SJ4. 08/753,615; U.S.S.N. 08/590,298, U.S.Si^. 09/115.400, and U.S.S.N. 08/452,843, which is a OP of 
< U.S.S J4. 08/344,824, which is a OF of abandoned U.S.S.N. 08/278,(S34. The present application may also be 
related to provisional U.S.S.N. 60/087, 192 and U.S^.N. 09/009,953, v/hidh is a CIP of abandoned U.S.S.N. 

40 60/036,713 and abandoned U.S.S J^. 60/037,432. In addition, the presoit application may be relevant to 
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U.S^11. 09/098^84, and U^.S J4. 09/239,043. The present application may also be relevant to co-pcading 

09/583^00 fOcd 5/30/00, U.S.S14. 09/260,714 fikd 3/1/99, and US. Pioviaonal Apfdication 
"Hetcroclitte Analogs And RdatedMediods^AttxHne^ All 
of flie above applications are incorporated herein by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 iSustrates data on fluee different muM-epitope constnictB, incorpocBting 20 to 25 
different CTL q>itope3 eadL 

Figure 2 iSustiates two different synflietic polypeptides (Fig . 2a) where die fiist constnict 
incoipocates four different epitopes Hnearly cosynthetized, and die second constnict incoxpoiatBs a QPGPQ 
spacer: Fig. 2b illustrates the capadty of 2 nanomoles of diese diffei^ constructs to pmne for proHforative 
responses to the various qntopes in lA^ positive mice, conq>ared to die responses induced by eqoimolar am^ i Tity 
of a pool of die same pq>tides (3 miciogiaxns of each pef^e). 

Figure 3 depicts the structure of multiepitope DNA ccnstiucts. The HLA restriction is shown 
above each qiitope, die A*0201 epitopes are bolded. The HLA bin<hng afRnity (IC^o ^ provided below 
eachqHtope. (a)SchenttticofHIV-FTilhistratingorder of die encoded q>itopes. (b) Schematics of the of die 
HBV-specific constructs. The C+1 amino add relative to Core 18 is indicated with an arrow. The HBV- 
specific constructs with single amino acid insertions at the Q position of Core 18 are illustrated as HBV.IX. 

Figure 4 illustrates die inmiunogenicity of the HLA-A*0201 epitopes in HIV-FT in HLA- 
A*0201/K** transgenic mice, (d) Representative CTL rcspcmses against qiitopes Pol 498 (cirdes), Vpr 62 
(triangle). Qag 386 (squares). Cytotoxidty was assayed in a release assay against Jurlcat-HLA-A'^0201/K*' 
target cells in die presence (fifled symbols) or absence (open symbols) of each peptide, (b) Summary of CTL 
responses of immunogenicity of HIV-FT in HLA-A*0201/K^ transgenic mice. Bars indicate die geometric 
mean CTL response of positive cultures. The frequency of positive CTL cultures is also indicated. 

Figure 5 shows the influence of die C+1 amino acid on epitope immunogeoicity. A database 
incorporating CTL responses fiom a variety of minigenes representing 94 qiitope/C+l amino acid combinations 
was analyzed to detemiine the fi:eqaen<7 (%) of instances in whidi a particular combination was associated with 
an optimal CIL response. CTL responses were considered optimal if greater dian 100 SU or 20 LU in at least 
30% of the cultures measured The numiber of times a given epitqpe/C+1 amino acid combination was observed 
in also provided. 

Figure 6 shows CTL responses to HBV-specific constructs (a) CTL responses to Core 18 
epitope following DNA unmunization of HLA-A*0201/K** transgenic mice, (b) CTL responses to HBV Core 18 
following DNA immunization of HLA-A*0201/K^transg6idc mice with constructs which vary by a single 
amino acid insertion at the C+1 position of Core 18; 

Figure 7 shows levels of HBV Core 18 presentation in HBV.l (shaded bars) and HBV, IK 
(hatched bars) transfected cell lines, ^itope presentation was quantified using peptide-specific CTL lines. 
Presentation of HBV Pol 4S5 is shown for comparative purposes. 

Figure 8 dqiicts data for 221 A2K? target cells transfected witii die HIV- 1 minigene. These 
transfected cells were assayed for their capacity to present epitopes to CTL lines derived fiom HLA transgenic 
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DESC3UPTEON OF llffi SPECIFIC £MBQD]M0>ITS 
DBTAILED DESCMPTIQN OF TOE INVENTION 

L Itttrodncfibn 

The present invendon relates to mediods of desisnhig multi-epitope v&ccines witti optuni?5ed 
10 imnnmogcnicity. In prefeixed cnibodiments, <he vaccine comprises OIL and HTL epitopes. Vaccines in 
accordance witii die invention allow for significant, nQn-cthnicaTTy biased population coverage^ and can 
preferably focus on qntopes conservred amongst diffearent viral or odier antigenic isolates. The vaccine can be 
pptimized widi regard to. die magnitude and breaddi of responses, and can allow for the simplest ^tope 
configuration. Finally, general mediods are provided to evaluate innnunogeolcityof a polyepitDpic vaccine in 
IS . humans. 

The methods of the invention con^srise designing a polyepitopic construct based on principles 
identified herein. In one aspect, the invention provides for simultaneous induction of responses against specific 
CTL and HTL epitopes, using single promoter nmugene vaccines. Such mxnigene constructs can contain many 
different epitopes, preferably greater dian 10, often greater dum 20, 25, 30, 25, 40, 45, 50, 55, 60, 65, 70, or 
20 more. 

In designing a polyepitopic constract, die following considerations are employed: 

(i) the epitopes to be incorporated into die polyepitopic construct are sorted to provide an 
Older that minimizes the number of junptional epitc^>es formed. In some embodiments, sorting is pedbrmed by 
coixq>uter. Preferably, as a secondary consideration ia ordering epitopes, epitopes are positioned such that 

25 residues at dieNotemiinus of an epitope thatpromote CTL immmiogenicity are juxtaposed to die C-tenninus of 
anodier CTL epitope. 

(ii) flanking residues that enhance inuimnogenicity are inserted at die flanking positions of 
epitopes. In particular embodiments, flanking residues are inserted at die C+1 position of CTL q>itopes. 

(iiO space sequences are inserted between epitopes to prevent occurance of junctional 
30 q}itppes. lin particular embodiments, die spacer sequences can also include a residue diat promotes 

immunogenicity at die N-terminus of die linker sudi diat die residue flanks the C-t^mmus of a CTL ^itope. 

In particular embodiments to prevdot HTL junctional epitc^}es, a spacer conq3osed of amino 
acid residues diat do not correspond to any known HLA Class n anchor residue, are used, e.g, altematmg O and 
P residues (a spacer) is included between two HTL epitopes. 
35 Another aspect of the invention, (consideration (ii) above) involves die introduction or 

substitution of particular amino acid residues at positions diat flank epitapGS^ eg., a position immediately 
adjacent to die C-terminus of the epitope, thereby generating polyepitopic constructs widi enhanced antigenicity 
and immunogenicity compared to constructs that do not contain die particular residue introduced or substituted 
at that site, te., optimized minigenes. The methods of optimizing polyepitopic constructs comprise a step of 
40 introducing a flanking residue, preferably K, N, G, R, or A at the C+1 position of the q^itope, ^e, the position 
immediately adjacent to the C-terminus of the epitope. In an alternative embodiment, residues that contribute to 



wo 01/47541 PCTAJS0(W5568 

15 

decreased hi iuurn Q g cuicity, i.e., n^tivdy cfaaiged residues, eg;, D»aHpbatic (I^ L,M. V) oraramatb 

ocni-tEytpidiaiiRsidiies,areiep]ao6d. The flanking residne can be mtrodncisd hy po sitin nt^g fi|ympriflte 
tptkspcs to piovide tiie &voiaible flMiVmg residne, or be msertxng a speaGc residae. 

<xmiDmmom m pesiontng opttmtzep polyhpttopic vaqcinb oonstructs 

Aa noted in flie backgroiipd gcctirm, tmn^gengs gtienHtng np to 1 0 fpifppes hflvg bmi med to 
induce responses a^inst a number of differ IIib data relating to an expednientBlmimgene,pl^.l 

bas been puUished [Isbioka et aL, JImmunah Vol 162(7>:39 15-25 (1999}]. Disclosed berein, aie paxameteis 
fax designing and evaluating multi-^tc^ constcucts with «p Hm i yj>H inmnmogenicity tbat address myriad 
disease indications of interest 

Design paraxnetBrs were id^tified based on a muDber of studies. In a preliminary evaluation 
of polyepiti^ic constructs, data on diice different nmhi-q»itx^ constiucts, incorporating 20 to 25 di£krcnt CTL 
qntopes each, are presented (Fig. 1). One constmct isbased on HIV-derived epitopes. (HIV-1)» while die other 
two incorporate HCV-derived ^itppes (HCVl and HCV2, req)ectively). Ibe inmnnx^enidty of Aese 
different mimgenes bas been measured in eiliier A2 or Al 1 HLA transgenic mice (Al, A24 and B7 restricted 
epitopes were not evaluated). 

Thus, eleven days after a single im. DNA vaccine injection, responses against 8 to 14 
difiGsrent representative epitopes were evaluated following a single six day in vitro restzmulation, utilizing assays 
to measure CTL activity (ei&er cbiamium release or oi sifu IFN production, as described berein). Primiiig of 
epitope specifk: CTL could be demonstrated for W (75%). 10/14 (72%) and 13/14 (93%) of fte qntopes tested 
in ^ case of HEV-1, HCVl and HCV2, respectively. Thus, muM-epitope minigenes. Capable of simultaneously 
priming CIL responses against a large number of q>itopes, can be readily designed. However, it should be 
emphasized tiiat CTL priming for somie epitopes was not detected and, in several of tiie 36 cases considered, 
responses were infrequent, or varied significantly in magnitude over at least dnree orders of magmtude (1000- 
folcQ. These results strongly suggested duit a more careful analysis and optimization of &e minigene constructs 
was required to. 

Tbe possibility that the sub<9timal pe i fomj ancc of priming for certain epitopes might be 
related to minigene size was also examined In &ct. most of the published reports describe minigenes of up to 
tea q)itopes, and die few instances in whidi 20-epitope minigenes have beai reported, activity directed against 
only two or three epitopes was measured. To address this possibility, two smaller mTnig ftnftg (HTV-Ll and HIV- 
1.2) each enconq>assing ten epitopes, and coxxesponding to one half of the HIV-1 minigene. were syndiesized 
and tested Responses against four representative q>itopes were measured 
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'Table i: ImtiTOTiopgntcitv appears to he indengndgHof rofapgene afae. 







CTLrBqsGnse to diCfetfentminigffPCS 






HIVI 


HIV LI 


mvi.2 


CTL 


(20in£r) 


(lOmfix) 


(lOxner) 


^ntope 


Ftequency^^ Magnitude^ 


FiequQ2cy Magnitude 


Frequency Magnitude 


Pol 774 


0/8 * 


0/4 * 


NA"^ NA 


Pol 498 


18/19 46.7 


4/4 16.4 


NA NA 


Gag 271 


4/13 4.0 


NA NA 


0/4 ^ 


Envl34 


Sn 16.1 


NA NA 


4/4 14.8 



1) Represents flie naction of tndep g ad ent caltnres yi elding positive l e spoai ses 

2) Lytic Units (LU) 

3) Not Applicable 



It was found Aat tiie reqxmses induced by die smaller minigeaes were comparable, and if 
anydiiog, lower than tiiose induced by die twen^-^pitcqie com Accoixlingiy, Actors relating to 

nrmiigftni* sizc are uniflrrfy errp iftTtati ftm y for die observcd suboptimal p r imin g to certain epitopes and dius odier 
1 0 parameters, disclosed herein, are used to design iefficacious polyepitopic constructs. 

jhi. ml^tniiy^tion of junctional motife 

One of the considerations in designing polyq>itopic oonstnicts is die inadvertent creation of 

junctional epitopes when placing epitopes adjacent to each other. The presence of such epitopes in a mioigene 
15 could significandy affect minigeneperfonnance. Strategies to guard against tiiis undesired effect are disclosed 
. herein for application to the development of polyq)itopic or minigene vaccines. Junctional epitopes can first be 

minimized by sorting the epitopes to id^tify an oider in MMch die numbers of junctional epitc^es is minimized. 

Such a sorting procedure can be performed using a conputer or by eye, if necessary, or depending on die 

number of epit(^>es to be included in the polyepitopic constmct 
20 For exanq)le, a computer program that finds pattems, e.g.. Panorama, can be used in the 

design of multi-epitope minigenes. A very large number of different epitope arrangements can be considered in 

designing a particular mmigene constmct A computer program accepts as input, the particular set of epitopes 

ccnsido^d, and die moti& to be scanned in oxdac to evaluate whether diere are any junctional epitopes bearing 

these motifi. For exanq>le, a program can simulate buildmg a minigene, and in an euristic conqputational 
25 algoriffam, examine q;>itope pairs to avoid or minimize the occunance of junctional moti&. The program can for 

exanq>le, evaluate 6 X 10^ (about half a million) minigene configurations/second. As a less pcefened 

alternative, as it is more time consuming, a non-computer assisted analysis can be performed. 

Complete analysis of a 10-epitope construct using a computer program as described in the 

preceding paragraph requires examining 1 0 &ctorial s 3.6X1 0^ combinations and can be completed in six 
30 seconds. A fourteen- epitope construct can be con:q)letety analyzed in a couple of days. However, analysis time 

goes up very rapidly as larger minigenes are considered. A con^lete anafysis is not required and the program 

can be run £or any desired lengdi of time. In diis case, the configuration that provides the least number of 

junctional epitopes is provided. 

An example of the results of this type of approach is presented in Table 2. Ihe number of 
3 5 junctional motife in ten different random assortments of the same epitopes contained in the HCV 1 minigene, 

which incorporates 25 epitopes, was the result of a two day computer analysis, is presented in diis Table. In the 
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ii<mK)ptm3izBd aasQztxneots^ 

avesBgeofSl. By ocmiy)arLsan, only twp such jancfemal mntife are present in ihe HCV 1 Tmmggai e AgRnrtmeniL 
hi COttChdon: a OOniimttar program can he mfligad tn eflRaetlvgly m i n i mfaj * niimher nf j nncrinnal mntffe 

present in nodnigenB constmctB. 



Table 2: Occunence of jmictkmal qntopes. 



nxnugene coDstnict 


selecttan cnteria 


jimctiona] moti£i 


HCV.a 


rfln^om 


33 


HCV.b 


random 


26 


HCV.C 




28 


HCV.d 


random 


27 


HCVx 


landom 


30 


UCVS 


random 


26 


HCV.g 


random 


38 


HCVJi 


random 


33 


HCV.i 


random 


33 


HCV.j 


random 


34 


HCV.I 


minimized 


2 



MfF'tirPf ^ f unctional epitopes and testing for Class II restricted responses in vivo 

As a further element in eliminating junctional q>itopes, spacer sequences can be inerted 
between two epitopes di^ create a junctional qntope when juxtaposed. 

To collect die problon of junctional q>itq>es for HTL epitopes, a spacer of at least five amino 
acids in lengtii is inserted between the two ^itopes. The amino acids residues incorporated into such a spacer 
are preferably diose amino acid residues that are not known to be primacy anchor residues for any of the HL A 
Class n binding moti&. Such residues include G» P, and N. In a preferred embodiment, a spacer with the 
sequence GPGPG is inserted between two epitopes. Previous work has demonstrated tiiat the GP ^acer is 
particularly effective in dismpthig Class E binding interactions [Sette et al., J. Immimol^ 143:1268-73 (1989)]. 
All known human Class n binding motif and die mouse lA** (the Class II expressed by HLA transgenic mice) do 
not tolerate either G or P at fhis main anchor positions, whkh aie spaced four residues apart. This ^proach 
virtually guarantees tiiat no Class II restricted epitopes can be formed as junctional epitopes. 

In an exanq>le validating this design consideration, we synthesized polypeptides incorporating 
HIV-derived HTL epitopes. These epitopes are broadly cross-reactive HLA DR binding epitopes. It wastiien 
determined that these epitopes also efficiently bind the murine lA^ Class n molecule. A diagram illustrating the 
two different synthetic polypeptides considered is shown in Fig. 2a. 

The first constmct incoxporates four different epitopes linearly arranged, vA^e die second 
constmct incotporates the GPGPG spacer. Synthetic peptides corresponding to the tiuee potential junctional 
epitqpes were also synthesized. 

The capacity of 2 nanomoles of these different constmcts to prime for proliferative responses 
to the various epitopes in lA** positive mice was tested, and compared to the responses induced by equimolar 
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amoimts of a pool of die same peptides (3 maaxygiams of each pcptids). SpecificaQy, groqssof Smicewere 
• iiqcrted wifli CFA einiilsfona^ 11 da3rsafiBrizQecdositiieirly2iq»hiu>de cells were 

additional 3 day9»aiid%m!dine&iooa[pam itwasfGaiid(Fig. 
2b) tiia^ as piedictBd on Ae basis of tiidr hi^ afiSi^ 
S pzoliferatioa reqioiises. Stmrnktioa index (SQ values in die 4.9 to 175 lange 

peptides were ixgected in s pool Howev^ wiiendie linear pol>^)€^stide incozpozsting die same epitopes was 
tested, die xespcnse directed against Pol 335 was lost Hxis was associated widi qjpeazance of a response 
directed against a junctional epitope spanning Gag 171 and Pol 335« The use of die OPGPG spacer efiminated 
diisp(r6blein,pi:esuniablybydestroyiQgdiej^ Hie 
1 0 responses observed were of n^agmtude simflar to diose observed widi die pool of iaolatBd peptides. 

These results demonstrate diat responses against nniltqile HIV-derived C3ass n e pitopes can 
be simultaneously induced, and also illustrate how lA^/DR crossreactivlty can be utilized to investigate the 
immunogenicity of various constructs incotporatipg HTL epitope candidate. Finally, diey demcHisttate that 
appropriate spacers can be employed to effectively disrupt Class n junctional q>itDpes that would odierwise 
15 interfere widi efifective vaccine immunogCTicity. 

In die case of CSass I restricted responses, one case of a naturally occuiimg junctional q>itope 
and the consequent inhibition of epitope specific responses has been presented by McMidiael and cowodcers 
[Tusscy ct aL, Immunity, VoL 3(l):65-77 (1995)]. To address the problem of junctional epitopes for Class I, 
similar analyses can be performed. For exaxiqile, a specific counter program is employed to identify potential 
20 Class I restricted junctional epitopes^ by screening for selected murine motifs and for the most common human 
Class I HLA A and B motifi . 

Spacer sequence can also similarly be en^iloyed to prevent CTL Junctional qntopes. Often, 
very small residues such as A or G are preferred spacer residues. Q, also occurs relatively irifrequently as a 
preferred primary anchor residue (see^ e.g.^ FCT/LJSOQ/24802) of an HLA Class I binding motif These spacers 
25 can very in Iragdi^ eg,, spacer sequences can typically be 1, 2, 3> 4, 5, 6, 7, or 8 amino acid residues in length 
and axe sometimes longer. Smaller lengths are often preferred because of physical constraints in prochiciqg the 
polyepitopic construct 



The influence of flanking regions on CTL miiPffene in miunopcnicitY 

30 Anodier factor to be considered in desining minigenes is to insert residues lhat favor 

immunogenicity at the position flanldng the C-terminus of a CTL epitope. 

Disclosed herein is die identification of such residues. Flanking regions can, at least in some 
cases, modulate die apparent presentation of CTL epitopes. However, only limited analysis of the effect of 
modulation of flanking regions has heretofore been perfomed, and in all eases (except die Stady of Ishioica, 

35 1998 [Ishioka ct aL, Jlmmutiol, VoL 162(7)3915-25 (1999)]) die epitopes were restricted by mouse MHC. 

This is particularly relevant as the mouse and human MHC motifs tend to differ at their C-terminus and in turn 
may be dififerentially influenced by proteosome cleavage preferences. Furthermore, few studies, if any, have 
considered potential differences in piocessmg specificity between mouse and human proteosome and/or ER 
• proteases. Thus, experiments utilizing mouse versus human epitopes could yield different results and 'Yules" 
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about fenking residues. Disdosed hqein are studies ftatidartifrr^^ 
aocoidiD^^ residues diat areinsatediupolycpitbiiic coostzucts to 

The molecular context in winch an epitppe was eogmssed often ^ttmnntf ^fllly mffn^n^^ 
fiequemy and/or magnitude of iHimipg of CTLg Xwo 
examnTes are shown in Ta^]^ g ^ 



Tables. I>ifference3 in cffectiyeness of T cefl primmg for specific ^tppea fa diflfemtrf Trnnig^TyHf 







Flanking 




Flanking 




Responses 




Mimgcae 


Ntemiiniis 


Sequence 


C-tenninus 


Frequency 


Magnitude'^ 


Core 18 


pMnunS 


TUCAAA 


n^SDFFPSV 


FLLSLO 


6/6 


5.5 






TLKAAA 


FLPSDFFPSV 


KLTPLC 


6/6 


1074J 


Core 132 


HCVl 


ILGGWV 


DLMOYIPLV 


YLVAYQ 


2/12 


107.7 




HCV2 


yPGSRG 


DLMGYIPLV 


AKFVA 


17/18 


929.2 



1) IFN-gamma secretory units 



The ixnmunogenicity of the HB V Core 1 8 epitope expressed in the pMinS minigene was 
approximately 200-fold lower in magnitude than diat obsenred in the case of die pMinl minigene. Similarly, 
die immnnogenicity of die HCV Core 132 epitope expressed in die context of die HCVl Tntnig^ft was 
maigina], widi siignificant T cell pximing demonstcable in only 2 of 12 dififerent independent CTL 
e39)erimCTts/coltures performed. These two positive eiq>eriments yielded responses of api^oximately lOOSU of 
IFN-y. Howevo:, vAien the same epitope was caressed in die context of die HCV2 tnttiigw»> positive 
responses were observed in 17/18 cases, and widi avmge magnitudes approximately five-fold higher. 

Lnmunogenicity of HTV-FT in HLA-A *020I/Kb transgenic mice 

An mv multiepitqpe DNA vaccme, HIV-FT CFig. 3a) mcodes 20 HIV-derived CTL ^topes. 
Of diese 20 eptopes, eight are restricted by HLA-A^0201. nine byHLA-A*1101 and direebyHLA-B*070118. 
All epitopes bound dieir relevant restdctian element with good afiinity. All of the HLA-A*0201 restrtetcd 
epitopes bound pvuified HLA-A*!0201 molecules with roughly similar affinities, with IC» values in the 19-192 
nM range (Fig 3a). The HLA-A*0201 epitopes chosen for inclusion in HIV-FT are recognized in HIV-l 
infected Individuals and were also hi^y effective in priming for recall CTL responses when emulsified widi 
IFA and util^ to prime HLA-A*0201/K'* transgenic mice. The construct was designed to encode die epitopes 
sequentially widiout any intervening spacer sequences between diem and a consensus IgK aignfli sequence was 
fused to the 5' end of die construct to facilitate transport of the encoded antigen into die endoplasmic reticulum 
(Ishioka et al„y. Immunol: 162:3915-3925, 1999). 

The ability of HIV-FT to prime for recall CTL responses in vivo was evaluated by 
intramuscular immunization of HLA^*0201/K'* transgenic mice. Splenocytes from animals immunized widi 
lOOjig of HIV-FT plasmid DNA were stimulated widi each of die HLA-A*0201 epitopes encoded in HIV-FT 
and assayed for peptidc-specific CTL activity after six days of culture. Representative CTL responses agamst 
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doeeof fiifiqiHcqpesxnHIV4Tar6.fliiowniaFig.4a. Tonmieconveiiently ccnipileiesuitsfiomdif^^ 
expcrixnfints file percent cytDtoKic^ 

previously described (Vltidlg^eta^^ CUn. hiveat95'34U349, 1995). Of file eight HLA-A*HI201 xestcicted 
epitopes eocoded in HIV-FT» Foi 498. Env 134. Pol 44S, Vpr 62. Nef 221, and Gag 271, jamed for CTL 
D responses foaowing DNA iTmmmf7"*TA", (Fig. 4b). The magnitnde of fiie CTL responses varied over greats 
than a iO-foM range, from as high as nearly 50 LU against Pol 498, too as little as 4 LU against Nef 221 and 
Gag 27 1 . Similarly, fiie fiequency of recall CTL responses varied b^ween q>itopes, wifii file Pol 498 epitope 
inducing reqMUSses in 94% of fiie cases while CTL re^xmses to Gag 271 wore detected in cmly 31% of fiie 

e^toimeOtS. Tn r^**!'^'^, «irmmnw«fi/wi WTV.PT^ mfciVA wpwrnfially anendes qpitapeB wifliout 

1 0 any spacer annno acids, resulted in fiie induction cf recall CIL responses against fiie majority of fiie epitopes 

analyzed. WfWMftr tK** mngniinile and tfife frequency mf reKpnmsgg varied grefltiy between q>itppes. 

Correlation between epitope immunogenicity and levels of lUV'FT epitope presentation in tnmsfected ceil lines 
Tfiie dififereotial intmunQgeEudty of fiie HLA-A^0201 epitopes in HIV-FT was fiien assessed. 

IS Differential MHC binding affinity could be excluded as all of fiie epitopes bind HLA-A'^0201 wifii bigh affinity 
(Fig. 3a}. hi addition, lade of a suitable repertoire of TCR specificities in HLA-A^0201/K?* transgenic mice 
could also be excluded since all ^itopes yielded comparable CTL responses following immunization of HLA 
transgenic mice wifii fiie optimal preprocessed peptide emulsified in IFA. Variations in the relative amounts of 
each epitope presented for T cell recognition may at least in part account for the differences in epitope 

20 inummogenicity. 

To test fills, Jurkat cells, a human T cell line, expressing fiie HLA-A'*0201/k!* gene (Vitiello et 
al., J. Exp, Med. 173, 1007-1015, 1991) wero tuansfected with fiie mV-FT expressed m an qrisomal vector. A 
human cell line was selected for use to eliminate any possible arti&cts fiiat may be associated with differences 
in the processing capabilities between humans and mice. This Iransfected cell line matches fiie MHC 

25 presentation with the antigen processing capabilities and provides possible support for the subsequent 
development of CTL epitope-based DNA vaccines for use in huxnans. 

Pepfide-spedfic CTL lines detected presentation in the transfected targets of four of fiie HLA- 
A*0201 epitopes encoded in fiie HIV-FT, Pol 498, Env 134, Pol 448 and Nef 221 . To quantitate flie level at 
which each of these epitopes was produced and presented, the CTL lines specific for the various epitopes were 

30 incubated wifii untransfected targets and variable amounts of each ^itope. These CTL dose response curves 
were utilized as standard curves to determine fiie pq>tide concentration inducing levels of IFN-y secretion 
equivalent to fiiose observed in response to fiie HIV-FT transfected taiget cells. This value is n^erred to as a 
**peptide equivalent dose** and taken as a relative measure of fiie amount of epitope presented on the txansfected 
cell 

35 Table 5 sunumrizea the findinga of fius analysis for seven of the HLA-A^Q201 q>itopes 

encoded in fiie HIV-FT. Peptide equivalent doses varied from a high of 33.3 ng/ml for Nef 221 to less than 0.4 
ng/ml peptide equivalents for epitopes Gag 271, Gag 386 and Pol 774. Cumulatively these results indicate fiuit 
in human cells lines transfected wifii HIV-FT fiiere is at least a 100-fold variation exists in the levels of 
presentation of file different HLA-A^0201 restricted epitopes. All of the epitopes that were presented at 

40 detectable levds in antigenicity assays were also immunogenic in vivo. The cmly epitope fiiat was immunogenic 
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andnotantigcDic wasQag27L Jr fliis case mmnmtTatiaii of HLA-A*0201^ transgroic mkc wifli HIV-FT 
indncedaweakCTLiespoxisemless^ad^ The a&ar two epitDpes, which woe 

presented below die Emit of sensitMQf fiorflie aatlgeaici^aoaly^ 386 andPdl 774, wmnott. 
immunogeiiic. In condnskm fl»se results suggest dial fbat flie heterogeneity in CTL responses induced by HIV- 
FT iminnnization can at least in part be attributed to mboptmfll epifnpg pn»m* n ^» f^ 



Table 5: G^paiison of HIV-FT innnunogenicity and antigcoicity 



l^itope 


HrV-FTImmunogemcity 


HIV-FT Antigenicity 




nagnitude^ 


1 fSrequency^ 


Peptide Eqpivalents^ | n^ 


Pol 498 


58.8 C^} 


94% (imi) 


23.8(2.0 4 


Bnvl34 


16.1 (5.0) 


63% (5/8) 


6.2(1.2) 3 


Pol 448 


15.7 (2.6) 


54% (7/13) 


24.7(3.9) 3 


Vpr62 


9.9 (1.9) 


83% (10.12) 


ND 


Nef 221 


4.4 (1.3) 


78% (7/9) 


33.3 (6.0) 3 


Oag271 


4.0 (1.4) 


31% (4/13) 


<0.4 6 


Qag386 


0 


0%(0/17) 


<0.4 3 


Pol 774 


0 


0% (0/8) 


<0.4 1 



1 magnitude eaqjressed as LU (ref); the cdrelation coefficient relative to peptide equivalents R+0.44 

2 fiequency of positive coltuies (number cultures >2LU/total tested); the correlation coefficient relative to 
peptide equivalents R-K).8. 

3 rnagnitude estpicssed in ng/ml 

4 nuniber of independent experiments 



Flanking amino acids influence CTL epitope immunogenicity in vivo foliowing vaccination 

As described herein, the paiticalar amino acids flanking individual CTL epitopes is one factor 
that influences the efficiency with which an epitope is processed by altering the susceptibility the antjgen to 
proteolytic cleavage. To examine die influence of flanking amino acids on epitope nnmunogmicity, 
immunogenicity data was obtained from HLA-A*0201, -A* 1 101 and-B*0701 transgenic mice immunized wifli 
a number unrelated experimental multiq)itope DNA constructs encoding min^al CITL epitopes without 
intervening sequences. A database representing 94 different epitope/flanking residue combinations was 
compiled to detemiine the possible influence die immediately flanking amino acids on epitope unmunogCTicity. 
A given epitope and flanking amino acid combination was inchided only once to prevent artificial skewing of 
the analysis because of redundancies. Epitope immunogeniciQ^ in HLA transgenic was considered optimal if 
greater than 100 SU or 20 LU in at least 30% of die cultures measured. CTL rc^onscs were typicaUy scored in 
one of four categories; (-hh-). outstanding-more dian 200 LU or 1000 SU; (++), good-20.200 LU or 100-1000 
SU; (+). mtemiediate-2 to 20 LU or 10 to 100 SU; and (+/-), weak or negative-less dian 2 LLU or 10 SU. The 
numbers of optimal versus sub-opthnal responses were categorized based on the chemical type of ammo acid hi 
the flanking positions and the significance of differences were determmed using a chi-square test 

This analysis did not find any associations between the type of amino acids present at the 
amino-teiminus of an epitope and immunogenicity. However, significant effects of the carboxyl-terminus 
flankmg residue, the C+1 residue, were identified. Positively charged amino acids, K or R were most frequently 
associated wiA optimal CTL responses, a frequency of 68% (Fig 5). The presoice of amino acids K and Q at 
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file C+1 rcsidoe was also associated wxfii stposg CTL tcspaoscs in 5SS% of ^ cases esamizied; when epitopes 
were llankedatflxeOi-l poation by N^fiieymrfnced optmalC^ responses in cases. In general, small 
lesidiies soch as Q 0» A» T, and S pnmoted intennediat^ respcnsGsm 5496 of 

flie <w«i%Tnatiftng available far anatysis. Converee|y« Qiil[^>es flanked by aromatic and'alq)]iatic «wiinn acids 
S mdiiced pptinal in vivo responses m only 36% and 17% of flie cases^ respecttve^. The natively idiaiged 
residue, D, yielded a sab(^>timal CTL response. Hie infhi#ai<y> of Cf 1 amino add on epitope inmmnogenicity 
was found to be statistically significant using a chi-«qaaie test (P<0.03). No significant influence on epitope 
Immunogcnicity was noted wbea similar analysis was perfiumed for Otenninal residues more distal dian die 
O^l position. 

10 

Direct evalvation of the ^ectof the CI residue on €pitope immmogenidfy 

To direcdy evaluate ^ effect of prefeoed versus deleterious types of amino adds in the Ol 
fianVing position, two multiepitope constracts, referred to as HBV.l and HBV.2 (Fig 3b) were also evaluated 
As with HIV-Fr, fiiese HB V constructs encode the epitc^ies sequentially without intervening qsacers. Indeed, 

15 die HBV.l and HBV.2 were generated by replacing die mV-l epitopes m pNfinl, a esq^mniental mult 
construct previously cliaxacten2spd (Ishioka^ stq>ra) widi similar HBV-derived ^itopes. 

For HBV.l, the HIV-1 ^itppe direcdy followiqg die highl/ immunogenic HBV Core 18 
epitope was replaced with die HBV Pol 562 epitope. This altered die C+1 residue from a K to an F: The second 
construct, HBV.2, was produced by the insertion of an additional q^itope, HBV Pol 629, between die HBV C!ore 

20 18 and Pol 562 epitopes; a change that replaced the Ol amino acid with a K residue. When the 

immunogenicity of the Core 1 S epitope presented in diese different contexts was evaluated in HLA-A'^OTOl/K^ 
transgenic mic^ it was determined diat the Core 1 8 epitope ms virtually non-immunogenic in HBV. 1 but 
strongly immunogaiic in HBV.2 (Pig. 6a). The reduction of in vivo immunogenicity for this ^ilope was as 
' would be predicted by our previous analysis. 

25 To further test the effects of the CI flatilcfng amino acid on CTL epitope'immunogenicity, a 

set of constructs that differ from HBV. 1 by the insertion of single amino adds at the C+1 position relative to die 
Core 1 8 epitope (Fig. 3c) was evatnated. Litde or no CTL response was observed against the core 18 epitope 
when flanked at die C+lposidcHi by W»Y, or L (Fig 6b). In contrast, mseition of a single K residue 
dramatically increased die CTL response to core 18. Ihe responses were comparable to diose observed in 

30 HBV.2 in which the core 18 epitope is flanked by pol 629, an epitope with a K at die N-tenninus of the epitope. 
EnhancemeQt of the core 18 CTL response was also observed to insertion of R, C» or O. The effect of diese 
insertions is specific, as die immunogenicity of other epitopes widiin these constructs did not exhibit gtgnffir.fmf 
changes in CTL responses (data not diown). In conclusion, diese data indicate that the C+1 amino add can 
dramatically infiuence qpitope irmmmogeoicity. 

35 

Variations in CTL ^itope immunogenicity are correlated with the amount presented 

If the variation of the immunogenicity of CcH-e 18 assodated widi different C+1 residues was 
the result of differential sensitivity to proteolytic cleavage then laige differences in the levels of q>itope 
presentation should be detectable in different constmcts. To test thi$» Jiirkat cells, expressing die same HLA- 
40 A*020 l/K^ gene expressed in the transgenic mice20» were transfected with an episomal vector e^qsressing either 
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HBy.l 0XHBV.1K. TheCQiel8epxtK^wasp]:ese3XtedQt>l()^lii£^ 
p08itioii,oonqHredtoflispieseiioeafaaFmfl^ 

Oare 18 jnesentition is attdbutedto diffismoBS I9 expression between lazget cell Imes SDsepaeseofatioEn 
ofpQl455 varied by less flbantOKfoliL Tliese data demimstiatetestnknig^fect Oat amino 
position can exert on effideaiey of qntopepzesen^ Thus, tiiese data slu>w 

that flie imnnmogenicity of GTI. epitcqaes m a DNA vaccine can be optimged flimiigli it«rien «% n gid' T Bff<mff fh«t 
affect die level of epiti^ presentation, Ttds type of qrtimization is applicable to epiti^based vaccines 
delivered nsing oHiex f ozmats, such as viral vectcos as well as otJier eq»:ession vectras known to diose of skill in 
die ar^ since tlie effects are exerted afier die antigen is ttansczibed and translated. 

In sumjfiai y, for flanlrfng residues, it was found <hat eidier very jwnnii residues sacb as A, C or 
G, or large residues such as Q^W.K, or R were general^ associated wifli good or ott^^ Tlic 
absence of a C+1 residue because of a stop codon in die minigene^ or die presence of inteimediate size residues 
such as S or T was associated wifli a mare mtennediate response pattmu Family, m die case of a negatively 
charged residue, D; aliphatic (V, I, L, M) or aromatio-non tryptDphan residues (Y, F), relativdy poor responses 
wwe observed. These results diow diat die particular residue flanking the e]ntc^e's C-tenninus can 
dramaticany influence die response frequency and nutgnitude. Flaukhig residues at die C+1 position can also be 
introduced in combination wifli spacer sequences. Thus, a residue that fevors innnunogenicity, preferably, K, R. 
N, A, or O, is included as a flanking residue of a spacer. 

SORTTNQ AW? Q f TOygZATTON QP PQLYRPITO PIC cqnstrt irrrs 

To develc^ polyqiitopic constructs using die invention, die epitopes for inclusion in the 
polyepitopic construct are sorted and optimized using die parameto Sorting and optimization 

can be performed using a computer or, for fewer numbers of epitopes, not usmg a conq)uter. 

Con^uterized optimization can typically be perfonned as foUows. The following provides an 
example of a con^)uteri2ed system diat identifies and optimizes, Le,, provides for a minimal number of 
junctional epitopes, and a maximal number of flanking residues, epitope combiiuitions. 

One component of seating die epitopes is a 'functional Analyzer^, This program, for 
exanq>le, uses a text fQe to specify parameters for its operation. Five types of hiput data arc provided to die 
program: 1) A set of peptides to process. 2)Asetofwei|^tforeadian]inoacidwhenitq3pearsinaCH-l and 
N-1 position, 3) A set of motife to use in detecting junctions. 4) The msnthmm number of amino adds to msert 
between each pair of peptides. 5) Ctther vahies to control operation of die program. The program evahiates all 
piossible pairs of pq>tides and omiputes die number of junctions, die C+1 and N-1 weights and combmes them 
according to apredefined equation. Currcntfy die equation is just die product of die two wei^ divided by die 
numbo- of junctions. If die number of junctions is zero dieproductis divided by 0.5. Odier equations for 
cvahiating pqjtide pairs can be easily added to die program at any time. The ovttpat from diia program is a text 
fflc that Hst for each pair ofpeptides die insertion diat yields the rnaximumfimctio Thefilealso 
includes die original list of peptides and commands diat control die opOTtion of cidiw of two programs diat 
perform die next step in iMrocessing. These two programs are "Exhaustive J Search" and ^'Stochastic J Search". 

••Exhaustive J Search" looks at all pennutations of die pqitides arid selects die ones diat have 
die largest sum of die function result This program finds die permutation widi die largest fbnction suin. 
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However, due. to die &^Qdal natme of pcmntHtiona it can only be itted fixr a mftytmmn of 12 or 13 pqrtides. 
The estinnted nmniQg tme to B p^ti^ 

OStadiastic J Search" te designed ta segch mtiy msut ftf tfw> p«TrnTtatffiw ggapifair^. smrf p^prnt fhy fanetion 
sum Oat it finds. By reparting pemmtatjona fliat meci or egcflfttl tfig tmrrmt irnwrfmnm fltnrtton *^*wl, ^ " 
possible to seazdi a mnch broader area of &e pexnoitation sequence. This technique has been successful wi& as 
many as ^peptides. Ihe time to peiforni an exhaustive search of20 peptides would be on 1^ 
105 years. 

The program can wdik as foltows: 

These p^f ^ iiKrfrj ii arc s^jut into die programs 

1. The ^topes to sort 

2. The amino add Ol & N-1 *Veights", as decribed above 

3. Moti& for detecting jimcdonal q)itppes 

4. Maximum spacing residues 

5. Pararnetecs to control program options 

The Junctional Analyzer Program dien performs die following: 

1 . Generates all qntope pairs 

2. For each pair at peptides detennine die set of insertions tiiat results in die mmmiimi 
number of junctional epitopes and the maximum effect fix>m die C+1 and N-1 contribution of spacing residues. 

3 . Outputs the optimum spacing residues for each pair and die value of the optimizing 

Junction. 

If 14 or more epitopes are to be included In the polyepitopic oonslruci; A stochastic Search is 
used. A Stochastic Search Program uses a Monte Carlo technique, known to fliose of slrill m the nTt^ tn mmmpi 
many regions at die permoutation space to find the best estimate die optimum axiangement of the pq>tides. 

If less than 14. q>itopes are to be included, an Exhaustive Search Program is used Ihe 
Exhaustive Search Program examines all pemnitations of Ihe ^itopes tnalrttig up die ppolyepitopic construe to 
find die one widi the best value for Ihe sum of die optimizing fimction for all pairs of epitopes. This is 
guaranteed to find die **besf pemmtation since all are examined. 

The Program Output provides a list of die best anangements of the epitopes. Since many 
permutations have the same value of die evaluation dinction several are generated so diat odier factors can be 
considered in choosing the optimum arrangement 

Examples of polyepitopic constructs generated using this system of program analysis are 
provided in Figure 9. 

Other &ctor8 such as charge distribution, hydrophobic/hydkophilic region analysis, or folding 
prediction could also be Incorporated into the evaluation function to furdier optimize the minigene constructs. 

Macromolecular structures such as polypeptide structures can be described in terms of various 
levels of organization. For a general discussion of this organization, jee« e.gi, Alberts et al.. Molecular Biology 
of the Cell (3"* ed, 1994) and Cantdr and Schimmel, Biophysical Oiemistry Part I: The Conformation of 
Biological Macromolecules (1980). "Primary structure" refers to the arrrinn acid sequence of a particular 
p^tide. '^Secondary structure" refers to locally ordered diree dimensional structures within a polyp^tide. 
These structures are commonly known as domains. Domains are portions of a polypeptide that form a compact 
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unit of flse polypeptide, laical damains are node iq> d sectiozs of lesser oigaaization sadi as streiidies of 
sheet and a-lieHces. •Tatiaiy s tnic tuse" refers to die con^lete fliree dimassional stmctnre of a polypeptide 
nianonier. ^X^uatemaiy stnictuce** refers to die doee dimensianal s tr uc t ure formed by die nonoovaleat 
association of independent terliBzy units. 

Stnictuial predictidns such as diarge dstrifaation, hydiophobic/liydropliilic rpgion analysis^ or 
folding laiedictions can Be pezfonned using sequence analysis programs Jsnowa to diose of ^iU indie ail; for 
exan^ile, hydropholac and bydnipbiHc dinnams can be identified (see, «.g., Kyte & Doolittle, J. MoL Biol. 
157:105-132 (1982) and Stryer. Biochemistry (3"^ ed. 1988); see also any of a number of Intemet based 
sequence analyst programs, sux^ as diose found at dotimgen^bcmtmaedu 

A diree-dimensional stroctural model of a polyepitopic construct can also be genoEled. This 
is genoally petf ouued by entering amino add sequence to be analyzed into ^ conq^uter system. Tbeamino 
acid sequence represents die primary sequence or subsequence of die protein, which encodes die structoral 
mfoimation of die protem. Hie tfunee-dimensional structural model of the protein is dien generated by die 
interaction . the computer system, using software known to diose of skill in die art 

The amino acid sequence represents a primary structure diat encodes die information 
necess^ to form die secondary* tertiary and quaternary structore of die protein of interest The software looks 
at certain parameters encoded by die primary sequence to generate the structural modeL These parameters are 
referred to as **energy tenns,** and primarily inchide electrostatic potentials, hydrophobic potentials, solvent 
accessible surfeces, and hydrogen bonding. Secondary energy terms include van der Waals potentials. 
Biological molecules form the structures that minimize die energy terms in a cumulative fashion. The coixq>uter 
program is dierefore using these terms encoded by the primary structure or amino acid sequence to create the 
secondary stmctural model. 

The tertiary structure of die protein oicoded by die secondary stmcture is dien forrri^ 
basis of die oiergy terms of the secondary structure. The user can enter additional variables such as whether the 
protein is membrane bound or soluble, its location in the body, and its ceUular location, e.g., cytoplasmic, 
sur&ce, or nuclear. These variables along with the energy terms of die secondary structure are used to form the 
model of the tertiary structure. In modehng the tertiary stracture, the computer program matches hydrophobic 
feces of secondary structure with like, and hydrqphilic feces of secondary structure with hke. 

Those polyq)itopic constructs diat are most readily accessible to the HLA processing 
apparatus are dien selected. 

EL Assessment Of Immunogenicity Of Multi*£pitopic Vaccines 

The development of multi-qiitope mmigenes r^iresents a unique challenge^ because die 

species-specificity of die peptide binding to MHC. Different MHC types firom different species tend to bind 

diff(Mient sets of peptides [Ranunensee et aL, InununogeneUcs, Vol. 41(4):178-228 (1995)]. As a result, it is not 

possible to test in regular laboratory animals a construct composed of human epitopes. Aheamatives to 

overcome this limitation are generally available. They include: 1) testing analogous constmcts incorporating 

epitopes restricted by non-human MHC; 2) reliance on control epitopes restricted by non human MHC; 3) 

reliance on crossreactivity between human and non-human MHC; 4) the use of HLA transgenic animals; and 5) 
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antigoiidly assays iitilmngliunm The following ia a brief overview of ^edevdopinsnt of tfau^ 

tecimology analysmg aatigeoici^ and 

nafift Tm,A IVansycnica 

S The utility of EDLA tzansgenic mice for ^ purpose of epitope identification [Sette et aL, / 

hnmunol Vol 153(12):5586-92 (19W); Wentwcs^ ct al^ Int Immunol, Vol. 8(5):651-9 (1996); Bpgelhard et 
^SlmmunoK Vol. 146(4):1226-32 (1991); Man etaL,/«/ /mini/no/, VoL 7(4):597-605 (1995); Shirai ct al,, / 
bnmwwl, VoL 154(6):2733-42 (1995)1 and vaccine devdxypment [hliiolEa et aL, J Immunol, VoL 162(7)3915- 
25 (1999)] has been established. Most of die pubhafaed r^Kirts have investigated die use of HLA A*0201/iC^ 
10 ndee but it should be noted that B*27, and B*3501 mice are also available. Furdieimoie» HLA A*ll/E^ mice 
[Alexander etaL.y/inmimo/^ VoL 159(10):4753-61 (1997)]. and HLA B7/K^ and HLA Al/K^ mice have also 
been genoated. 

. Data fiom 38 different potential ^itopes was analyzed to detennine the level ofavcdap 
between die A2.lH:estrieted CTL repeztoire of A2.1/tC^-txansgenic mice and A2. 1+ humans [Waitwortii et aL, 

15 Eur J Immunol, Vol. 26(1):97-101 (1996)]. In both humans and mice^ an MHC pqitidebmdii^ affinity 

dneshold of approximatBly 500 nM correlates with the capacity of a p^itide to elicit a CTL response in vfi^o. A 
high level of concordance between the human data in vivo and mouse data in vivo was observed for 85% of the 
high-binding peptides, 58% of die intermediate bindeis, and 83% of die lowMegative binders. Similar results 
were also obtained wi^ HLA All and HLA B7 transgenic mice [Alexander et al., J Immunol, VoL 

20 159(1 0):4753-61 (1997)]. Thus, because of the extensive overi^ diat exists between T cell recq)tor repertoires 
of HLA transgenic, mouse and human CTLs» transgenic mice are valuable for aggftgging hmmmogenicity of the 
polyepitDpic constructs described hereiiL 

The different specificities of TAP transport as it relates to HLA All mice does not prevent the 
use of HLA-A 1 1 transgenic mice of evahiation of imraunogenicity. While both murine and human TAP 

25 efiEiciendy transport peptides with an hydrophobic end, only human TAP has been reported to efficiently 
transport peptides widi positively charged C terminal ends, such as the ones boond by A3» Al 1 and odier 
members of the A3 supotype. This concern does not apply to A2, Al or B7 because both mudne and human 
TAP should be equally capable of transporting peptides botmd by A2, B7 or Al . Consistent widi diis 
understanding, Vitiello [Vitiello et al., J Exp Med, Vol, 173(4):1007-15 (1991)] and Rotzschke [Rotzschke O, 

30 Falk K., Curr Opin InmiunoU Vol 6(1):45-51 (1994)] suggested that processing is similar in mouse and human 
cells, while Cerandolo [Rotzschke O, Falk K., Curr Opin Immunol, VoL 6(l):45-5 1 (1994)] suggested 
differences in murine versus human cells, bodieiqxressiagHIA A3 However, using HLA All 

transgenics, esqoession of HLA molecules on T and B cells in vivo has been observedL suggesting diat the 
reported unfavorable specificity of murine TAP did not prevent stabilization and tran^ort of Al 1/K^ molecules 

35 in vivo [Alexander et al., J Immunol, VoL 159(10):4753-61 (1997)]. These data are in agreement widi die 

previous observation that peptides widi a charged C termini could be eluted fiom murine cells tzansfected widi 
Al 1 molecules [Maier et aL, Inmiunogenetics; Vol 40(4)306-8 (1994)]. Responses m HLA Al 1 mice to 
conq>lex antigens, such as influenza, and most ir]q>ortandy to A 1 1 restricted q)itopes encoded by muhirepitope 
iranigenes [Ishioka et al., JImmwwl, VoL 162(7):3915-25 (1999)] has also been detected. Thus, the TAP issue 

40 Bcppcazs to be of minor concern widi transgenic mice. 
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Ano&er issue of potential leleyance in ^ use c^HLA transgenic mice is 6ie possiUe 
infbienceof p2mici<^lmlinQnHIAezpzessi<ma^ It is well known Oat lnnnanp2 

binds boflxhoman and mouse MHC wiflt hi^hcri^&iity and stability fean mouse p2 mfattgln hnKn [igh^iHg f± 
aL, Mol^nmwiolVoL 35(14-15):91^28 (1998)]. It is also wdl kaown^t mote stable con9>lexes of MHC 
beavy chain and p2 facilitate exogenous toading of MH^ VoL 250(498d):1423^ 

(1990)]. Webave examined tbe potential effect of flnsvari^le^ 

forHLAyK^andbumanp2. Bxiffe^ottofbmnanp2 was beneficial in tfie case HLAB7/k^mic^ and was 
absolutely essoitial to adiieve good expression levels in &e case of HLA Al transgenic mice. Accoidix^gfy, 
HLA/K^ and p2 double transgoiic mice ai« cunenfly and routinely bred and utilized by tbe piesent invCTtozs. 
Tbus, HLA transgenic mice can be used to model HLAnxstricted recognition of four major HLA specificities 
(namely A2, All, B7 and Al) and transgenic mice for o&erHLA specificities can be developed as suitable 
models for evduation of immunogenicity. 

Anti^epicitv testing for Class I epitopes 

Sevml independent lines of e?q>erimaitation indicate ^t ihc density of class I^septide 
complexes on the cell surface may correlate with die level of T cell priming. Thus, measuring the levels at 
wbidi an epitope is generated and presented on an APC's sur&ce provides an avenue to indirectly evaluate tbe 
potency of minjgene vacdnes in Innnan cells, in vitro. As a complement to flie use of HLA Class I transgenic 
mice, fliis approach has the advantage of examining pcoccssing in human cells. [Ishioka et al., J Immunol, 
Vol. 162(7):3915-25 (1999)] 

Several possible approaches to cxpcrimoitally quantitate processed peptides are available. 
Ibe amount of peptide on the cell surface can be quantitated by measuring the amount of peptide ehxted from 
the APC surface [Sijts et aL, JImmtsnol, VoL 156(2):683-92 (1996); Demotz et al.. Nature, Vol 342(6250):682- 
4 (1989)]. Alternatively, the number of peptide-MHC complexes can be estimated by measuring the amount of 
lysis or lynq>hokine release induced by infected or transfected target cells, and then determining Ihe 
concentration of peptide necessary to obtain equivalent levels of lysis or lyniphokme release [Kageyama et aL, y 
Inmunol, VoL 154(2):567-76 (1995)]. 

A similar approadi has also been used to measure epitope presentation in minigene- 
transfected cell lines. Specifically, minigene ccmstructB that are innnunogenic in HLA transgenic mice are also 
processed into optimal epitopes by human cells tiansfected witii die same mfaig^ni* and the ma^jun^^ of the 
response observed in transgenic mice correlates wilh the antigenicity observed wifli the transacted h^msm target 
cells Pshioka etaL, J Immunol, VoL 162C7):3915-25 (1999)]. 

Using antigenicity assays, a nunotber of related minigenes diffoing in epitope order or flanVing 
residues can be transfected into APCs and die in^)act of the aforementioned variables on epitope presentation 
can be evaluated. This can be a prefecred system for testuig where a relatively large number of dififerent 
constructs need to be evaluated. Although it requires large numbers of epitope^-spedfic ClXa protocols th^ 
allow for the generation of highly sensitive CTL lines [Alexander-Miller et aL, Proc Natl Acad Sd USA, VoL 
93(9):4 102-7 (1996)] and also for their expansion to large numbers [Greenberg PJ)., Riddell S JEL, Science^ Vol 
285(5427):546-51 (1999)] have been developed to address diis potential problem. 
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. {tdiouU also bekeptminind tbat, if die cell.selectBd fi>r ^ trassfection is not reflective of 
fee cell pgfonning APC fimctlaii in Ww, nriiileading results conld be ottained. Ceils of fee BcdlUzieage^ 
wMdi are Imo^vn ''profisssicmal'' AFCSk are tyiacaSy anphoYed as tzansfectioii recipients. Theuseof transfected 
Bcdls of feis type Is an accepted practice ia fee field. I^szfeemiore^ a good oondatioii has already been ooted 

diescnbed in more detail herein. 

Liprefeoced embodinieot% vaccine constmcts are optiniized to induce Qass II restricted 
10 immune responses. One mefeodofevaluatingpolycpitopic constmcts inctudii^ Class nepi^^ 

* HLA-DR transgenic mice. Severd groups have produced and characterized HLA-DRtnmsgemc mice 
v., David CS.. Immunol Rev, VoL 169:57-79 (1999)]. 

An alternative also exists winch relies on crossreactivity which b^een certain human MHC 
molecules and particular MHCnu>leculesexp]?essed by laboralD^ Beitoni and colleagues (Bertoni et 

IS bL^ J Immunol VoL 161(8):4447-S5 (199S)] have noted feat appreciable ciossreactivity can be demcostreted 
between certain HLA Class I siyer^pes and certain PATR molecules e3q»ressed by chimpanTPW. 
Crossreactivity between human and macaques at the level of Class II [Geluk et aL, J Exp Med, Vol. 177(4) :979- 
87 (1993)] and Qass I molecules [Dzuris, et aL, J, Imtnunol^ July 1999] haa also been noted Finally, it can also 
be noted feat fee motif recognized by human HLA B7 supertype is essentially fee same as fee one recognized by 
20 fee murine Class I L'^ ptannnensee et aL» hnmunogenetics. Vol. 41(4):178-228 (1995)]. Of relevance to tesfeig 
HLA DR restricted epitopes in mice, it has been shown by Wall, et a! [Wall et aL, J. Immunol, 152:4526-36 
(1994)] that similarities ^dst in the motif of DRl and IA\ We routinely breed our transgCTic mice to take 
advantage of thiis fortuitous similarity. Furtiiemiore, we have also shown feat most of our pqitides bind to IA\ 
so feat we use feese mice for fee study of CTL and HIL immunogenicity. 

25 

Meaauring and Ouanlitat iny Immune RBsponses from CKnical Samples 

A crucial element to assess vaccine petfoxmance is to evaluate its edacity to induce immune 
responses. Analyses of CTL and ETTL responses against the immunogen, as well as against common recall 
antigens are commonly used and axe known in fee art Assays employed included cshromium release^ 
30 lympbokine secretion and ly^^)hoIH'oliferation assays. 

More sensitive techniques such as fee EUSPOT assay, intracellular cytokine staining, and 
tetiamer staining have become available in the art It is estimated that feese newer mefeods are 10- to 100-fold 
more sensitive fean fee common CTL and HTL assays [Murali-Krishna et aL, Immun&y, VoL 8(2): 177-87 

(1998) ], because fee traditional mefeods measure only fee subset of T cells that can proliferate in viiro, and may, 
35 in feet, be representative of only a fraction of fee memory T cell conq^artment [Ogg G3., McMichael A.J., Curr 

Opin Inununol VoL 10(4);393-6 (1998)]. Specifically in fee case of HIV, feese techniques have been used to 
measure antigen-specific CTL responses from patients that would have been undetectable wife previous 
techniques [Ogg et aL, Science, VoL 279(53 59):2 103^ (1998); Gray et aL, J Immunol, VoL ie2(3):1780-8 . 

(1999) ; Ogg et aL,y Virol, Vol 73(ll):9153-60 (1999); Kalams et al, J Virol, VoL 73(8):6721^ (1999); 
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Larsam et aL, AIDS, VoL I3(7):767-77 (1999); Come etdl, J Aequir Immune ^yndrlhm Retmdrol 
Vol 20(5)>I42.7 (1999)]. 

Wtfliretatxveiy few exo^tiaiis, duect aettvily of fieshl^ isolated ceOs bas been dtfificalt to 
dBmoDSttatB by ^ means of tcaditianal assays [Qgg QJS., McMicikael AJ^ QarCpinlmmmol, VoL 
S 10(4>393-6 (1998)]. However, tsB inosased seositivity of tbe newer ^^fipTftf has allowed investigatois to 
detect responses from cells freshly isolated from infected bmnaiig or eaqierimental awTtrmlg [Kfiiiali-Knshna et 
aL, Immunity, VoL 8(2): 177^ (1998); Ogg G.S., McMichael A. J., Curr Opm Immunol VoL 10(4):393-6 
(1998)]. The ava il a bility of diese sensitive assays, that do not depend on an i^i vUro xestimnlation stq>, has 
grea^ &ciUtated die stodjy of CTL fbnction in natmal infection and cancer. In contrast assays ^ i^H^^f * ^ as an 

10 en^point to judge effectiveness of cxpermeatal vaccines are usually pexfomed in coiyunction widi one or more 
in vitro restxmulation steps [Ogg Q.S., McKfidiael AJ^ Curr Opin Immunol, VoL 10(4):393-6 (1998)]. hi fenci, 
with few exceptions [Hanke et aL, Vaccine, VoL l6(4):426-35 (1998)] (Allen et aL, submitted), freshly isolated 
Class I*restricted CD8+ T edis have been difficult to demonstrate in lespoaise to immunization wi^ 
expenmental vaccines designed to elicit CTL responses. The use of sensitive assays, such as ELISPOT or in 

1 5 situ lEPt^-Y BLISA, have been combined with a restimulation step to achieve ma-rtmiim sensitivity; MHC 
tetramers are also used for this purpose. 

MHC tetcamers were first desoibed in 1996 by Ahman and colleagues. They produced 
soluble HLA-A2 Class I molecules which were folded with HlV-speciflc peptides containing a CTL q>itope 
con^lexed together into tetramers tagged with fluorescent markers. These are used to label populations of T 

20 cells from HIV-infected individuals that recognize the epitope [Ogg G.S., McMichael A. L, Curr Opin Immunol 
. VoL 10(4):393-6 (1998)]. These cells were dien quantified by flow cytometry, providing a frequency 
measuremimt for the T cells that are specific for flie epitope. This technique has become very popular in HIV 
research as well as hi other infectious diseases [Ogg G.S., McMkhael AJ.. Our Opin Immunol VoL 10(4):393- 
6 (1998); Ogg et aL. Science, VoL 279(5359):2 103-6 (1998); Gray et TiU J Immunol VoL 162(3):1780-8 (1999); 

25 Ogg et al., J Virol VoL 73(1 1):9I53.60 (1999); Kalams et aL, y Virol VoL 73(8):6721.8 (1999)]. However, 
HLA polymoiphism can limit tiie general appUcability of this technique, in that the tetramer technology relies 
on deiined HLA/peptide combinations. However, it has been shown that a variety of peptides, including HTV- 
derived peptides, are recognized by pqitido-specific CTL lines in die context of different members of the A2, 
A3 and B7 supertypes [Threlkeld et aL, J Immunol VoL 159(4): 1648-57 (1997); Bertoni et aL^JOin Invest, 

30 VoL 100{3):503-13 (1997)]. Taken togedier diese observations demonstrate that a T cell receptor (TCR) for a 

given MHC/peptide combination can have detectable afBmty for die same peptide presented by a different MHC 
molecule from the same sxtpextype, 

Jn circumstances in which ef&cacy of a prophylactic vaccme is primarily correlated widi die 
induction of a long-lasting memoxy response, restimulation assa;^ can be the most appropriate and sensitive 

35 measures to monitor vaccine-induced immunological responses. Conversely, in die case of dierapeutic 

vaccines, &e main immunological coirelate of activity can be the induction of effector T cell fimction, most 
aptly measured by primary assays. Thus, die use of sensitive assays allows for die most appropriate testing 
strategy for immunological monitoring of vaccine efficacy. 
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Anligeiiidly Bsssyssxc pcrfbmicd to evaluate Cfiitope pxocessiiig and ptescDfatiosi in faomaa 
cells. An qpisiMiial vector to efficfenfly tmngfeet hmmn target crfla wiA epitopaAafied miii i j jfM ift -ustevtmt^ In 
used to pecfonn sudi an analysis. 

For exan^ile^22iA2K^ taxget cells were trazisfected with a^^ Hie 
22 i A2K^ target cell esqiresses^ A2£^ gene tiat is expressed in HLA transgenic mice, but expresses no 
endogienoas Class I [Shijnizu Y, DeMats R., J Immunol Vol. 142(9):3320-S (1989)]. These txansfected cells 
were assayedfordieir edacity to present antigen to CTL lines derived froni HIA ttansgeuK: mice and specific 

various HIVnierivedCTL epitopes. To oorrectfodifferenoes in antigen sensitivity of differ 
peptide dos e titrations, using imtiansfected cells as AFC, were run in paialLcL Representative data is presented 
in Fig. 8. In &e case of HIV Pol 498-speci£bCII^ the tiansfectcd taiget cells induced the release of 378 pgMl 
of IFN-y. Inspection of the peptide dose responses reveals that, 48 ng/ml of exogenously added pepddo was 
necessary to adiieve similar levels of IFN«y release. These results demonstrate that relatively large amonnts of 
Pol 498 epitope are presented by the transfected cells, equivalent to 48 ng/ml of exogenously added peptide. 



Table 4, Omjarlsonb^weenantldenh^vlntransf^^ 



transgenic mice erf the HIV-1 rrinioene 



Antigenicity 



Epitope 


Peptide Equivalents^' 




% response^ 


Magnitude'*' 


HIV Pol 498 


30.5 


(6) 


95% 


46.7 


HIVBiv134 


6J2 


(3) 


62% 


16.1 


HlVNef221 


Z1 


(5) 


82% 


3:8 


HIVG«i271 


0.2 


(6) 


31% 


4 



Immunogenicity 



1 ) ng^nrH: 2) nurriber of independent experiments; 3) % of CTl cultures yielding posWve resute: 4) Lvflc Units 



IS By con^arison, less than 25 pgWylFN was d^ected utilizing the CTL sp^ 

27 1 epitope. The control peptide titration with nntransfected target cells revealed that this negative result could 
not be ascribed to poor sensitivity of die particular CTL Hne utUized, because as little as 0^ pg/ml of '^peptide 
equivalents'" (PE) could be detected. Thus, it appears that the Gag 271 epitope is not effidendy processed and 
presented in the HIV- 1 transf ected target cells. Utilizing the "pq)tide equivalents" figure as an c^iproximate 

20 quantitation of the efficiency of processing, it can be estimated that at least 200-fold less Gag 271 is presented 
by die transfected targets, compared to die Pol 498 epitope. * 

The results of various indq)endent determinations for four different qpitopes contained within 
HIV- 1 are compOed in Table 4. The amount of each epitope produced from the HTV-l transfected cells ranged 
from 30^ PB for Pol 498, to a low of less than 0.2 PE for Gag 271. The two epitopes Env 134 and Nef 221 

25 . were associated with intermediate values, of 6. 1 and 2. 1 PE, respectively. 

These results were next correlated widi die in vivo tmmunogenicity values observed for each 
epitope after immunization with die HIV-1 constmct The Pol 498 epitope was also the most mununogemc, as 
would be predicted The Env 134 and Nef 221 epitopes, for whidi intermediate immunogenidty was observed 
in vrvo, were also processed in vitrv with intermediate efficiency by the trans&cted human cells. Finally, the 
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271, for^diidi no detectable vitro piocessiiig was ohserved was also associated wMi in vivo 
ixnmimogcnicily suboptiinal in bG^ jfippgneiwy and magnitade. 

Hiese data have sevctal iiupcKlant inq>HcatioiUL Fns^Aey suggest ftatdifibraxt^ntopes 
cantained wifldn a givea irnnigmeinay be processed and presented wiflt diffe i aili al cfBciency. Secondly, (iiey 
suggest diatiounnnogeniczt/ is pnfiortional to die anioun Finally. aesexesuUs 

provide an in^itant validation of fiie use of transgenic mice for die purpose of qptindzalion of nsdti-«pitDpe 
vacdnes destined for human use. 

nL Prqmrationof poly^tcq^ eonstmets ' 

i^itopes for inchisian indiepolycpitopie constructs typically bear HLA Class I or n 
binding nx)tifii as described, for example, in PCT q>plicalions PCTAJSOO/27766, or PCr/USOQ/19774. 

Muldple HLA class n cx class I epitopes pres ent in a polyqpitopic construct can be derived 
finom the same antigen, or fiom different antigens. For cpcample, a polyq>itopic construct can contain, one or 
more HLA qsitopes diat can be daived from two different antigens of die same virus or fiom two different 
antigens of different yiruses. . ^itopes for indnsion in a polyepitopic constmct can be selected by <me of in 
die ar^e^., by usixig a computer to select epitopes diatccmtainHIAa^^ The 
polyepitopic constructs of the invention can also encode one or more Inoadly cross-reactive bmdiqg, or 
universal, HLA class H epitopes, e,g,, PADRE^ (Epimmune, San Diego, CA), (described, for exan^le, in U.S. 
Patent Number 5,73.6, 142) or a PADRE family molecule. 

Universal HLA class II epitopes can be advantageously combined widi other HLA class I and 
class n epitopes to increase die number of cells tiiat are activated in response to a given antigm and provide 
broader population coverage of HLA-reactive alkies. Thus, die polyepitopic constmcts of the invention can 
include HLA epitopes specific for an antigen, universd HLA class n epitopes, or a combinatkin of ^dfic 
HLA epitopes and at least one univeasal HLA class n epitopa 

HLA class I epitopes are generally about 8 to about 13 amino acids in length, in particular 8, 
9, 10, or 11 amino acids in lengdi. HLA class II epitopes are generally about 6 to 25 amino adds m length, in 
particularaboutl3 to21 amino acids in loigdL An HLA class I or n epitope can be derived fiom any desired 
antigen of interest The antigen ofimerest can be a viial antigen, surface receptor, turnor antigen, oncogene 
enzyme, or any pathogen, ceU or molecule for whidi an imxnune response is desired Epitopes can be selected 
based on tiieir ability to bind one or multiple HLA alleles. Epitopes that are analogs of naturally occurii^ 
sequences can also be included in the poly^itopic constructs described herein. Such analog peptides are 
described, for example, m PCT applications PCTAJS97/03778, PCrAJSOO/19774, and co-pending U.S.S J^. 
09/260,714 filed 3/1/99. 

Polyepitopic constructs can be generated using rnethodology weU knom in the art For 
exan^le, polypeptides comprising the polyepitopic constmcts can be syndiesized and linked Topically, 
however, polyepitopic constructs as miniggnftg using recombinant DNA tedmology* 

IV. - Expression Vectors and Construction of a Minigene 

The polyepitopic constructs of the invention are typically provided as an expression vector 
comprising a minigene encoding die polyqntopic cOnstmct Constmction of sudi expression vectors is 
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dfiScdbed,£nreacaix9lem PCiyUS99/10646. The espx^ssion vactois coxitain at least one pn^ 
is capable of esqnessing a tnmsci^tianiinit esooding tbs mmj^ene in fee ^ piopri ate oeUs of an oiganisBi so 
^^feeastiigmiseiqiiesaedandtsDgetBdtofee Fbrexanqilektoadmaiistratkmto 
a human, a piDmoter ekmeat feat fimctions in a hanan cell is jnoDipor a ted into fee expression vector^ 
S The inventicgi relies on routine technignes in fee field of reoomblnaTit genetics. Basictexts 

disclosiz^ fee general mefeods of u^ in feis invention include Sandzrook et at. Molecular Cloning, A 
Laboratory Manual (2nd ed 1989^ Kriegler, Gene Transfer and Expression: A Laboratory Manual (1990); and 
Current Protocols in Molecular Biology (Ausubel et ai^ eds., 1994); Oligonucleotide Syndesis: A Practical 
Approadi (Out, ed^ \9M),Ys^j^NudeieAfnd8 Re^arch 18(17):5197 (1994); Duehohn, J. Org. Ckem. 

10 59:5767-5773 (1994); Methods in Molecular Biology^ vohnne 20 (Agtawal, ed.); and Tijssen, Laboratory 
Techniques In Biochemistry and Molecular Biology^Hybridixation with NudeicAdd Probes^ e.g.. Part I, 
chq)ter 2 "Oveiview of prtac^les of hybridization and fee strategy of nucleic acid probe assays'* ( 1 993)). 

The nucleic add encoding fee epitKq>es are assembled in a n±iigene according to standard 
tedmiques. In general, the nucleic add sequences eocodiog minigene epitopes are i^ 

IS ♦ftrtiTi|qiii*g mth ftiigAniir.^ftfttiHft prrniftTtt, nr rfimicfllly gyntfiftgiwxl Recombinant doniug tedsuques can 
also be used when ap p r o p riate. Oligonucleotide sequences are selected whidi eidier anq>lify (when usi^ 
to assemble the minigene) or encode (when using synfeetic o%onudeotides to assemble fee minigene) tlie 
desired epitopes. 

Amplification techniques using primm are typically used to amplify and isolate sequences 

20 encoding fee epitopes of dioice fimm DNA or RNA isee U.S. Patents 4,683, 195 and 4,683,202; PCR Protocols: 
A Guide to Methods and Applications (Innis et al.^ eds, 1990)). Mefeods sudi as polymerase diain reaction 
(PCR) and Ugase chain reaction (LCR) can be used to amplify epitope nucldc add sequences directly fixnn 
mRNA, fiom cDKA^, fiom genomic libraries or cDNA libraries. Restriction endonuclease sites can be 
incorporated into fee primers. Minigenes amplified by fee PGR reaction can be purified from agarose gels and 

25 cloned into an sppropriate vector. 

Synfeetic oligonocleotides can also be used to construct minigenes. This mefeod is performed 
using a series of overlapping oligonucleotides, representing bofe fee sense and non-sense stiands of the gene. 
These DNA fiagments are then annealed, ligated and cloned. Oligonucleotides that are not commercially 
available can be chemically synfeesized according to fee solid phase pho^horamidite triester mefeod first 

30 described by Beaucage & Carutfaeis, Tetrahedron Letts. 22: 1859-1862 (198 1), using an automated synfeesizer, 
as described in Van Devanter et al. Nucleic Acids Res, 12:6 159-6 168 (1984). Purification of oligonucleotides 
is by eifeer native aaylamide gd dectcophoresis or by anion-exchange HPLC as described in Pearson & 
Reanier, J. Clwom. 255:137^.149 (1983). 

The epitopes of fee mintgene are typically subcloned into an expression vector feat contains a 

35 strong promoter to direct transcr^tion, as well as other regulatory sequences such as enhancets and 

polyadenylation sites. Suitable promoters are well known in fee art and described, e.g.^ in Sambrook et oL and 
Ausubel et al., Eukaryotic expression systems for mammalian cells are well known in fee art and are 
commercially available. Such promoter dements include, for example, cytomegalovirus (CMV), Rous sarcoma 
virus LTR and SV40. 
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The eaq^resskm vector typica]fy conlams a transor^ytioniniit or e^qsression cassette ftat 
oonlainsaU^fuldifiaDalelcoifiQlsr^^ Atypical 
cixpiesaan cassette thnscoitfam a promo^ 

poiyadenylatiaii of die transciQ)! Addittonal elements of die cassette may g^^an cere «mi intioDS wifii 
fhncrtnnal splice donor and accgrtor sites: 

In addition to a promoter seqnence, the expression cassette can also contain a transciytiop 
tgrntnation region downstream of tbc stmctuxal gene to provide for efficient tennination. The tennination 
r^on may be obtained from the same geaie as &e promoter sequence or may be obtained fiom diffexent genes. 

The particular e^qnession vector used to transport die genetic information into the oell is not 
particularly cxiticaL Any of flic cQgvcntional vectors used for e^yression in enkaryotic cells nay be used. 
Expression ve^ors containing rpgolatoiy dements fiom eukaiyotic viruses are typical^ used in eukaiyotic 
expression vectors, e^:, SV40 vectors, CMV vectois, papilloma virus vectors, and vectors derived from l^stein 
Barvirus. 

The polyepitopic constructs of die invention can be esquressed from a variety of vectors 
inclnding plasmid vectors as wefl as viral or bacterial vectors. Bxao^les of viral oqnession vectors include 
a ttenu a t ed viral hosts, such as vaccinia or fowlpox. As an exan^)le of fliis i^roach, vaccinia virus is used as a 
vector to express nucleotide secpiences that encode the peptides of the invention. Upon introduction into a host 
bearing a tumor, the recombinant vaccinia virus expresses tiie inununogenic peptide, and ther^y elicits a host 
CTL and/or HTL response. Vaccinia vectors and methods useful in immunization protocols axe described in, 
e.g^., UJS. Patent No. 4,722,848. 

A wide variety of other vectors us^lil for therapeutic administiatioii or immunization, e,g, 
adeno and adeno-associated virus vectors, retroviral vectors, non-viral hectors such as BCQ (Bacille Cahnette 
Ouerin), Salmonella typhi vectors, detoxified antiuax toxin vectors, and the Uke, vnH be appazcnt to fliose 
skilled iu the art 

Immunogemcity and antigenicity of tiie polyepitopic constructs are evaluated as described 

herein. 

TaTfeMqprSffq»pi^<?<ift 

The egression vectors of die invention encode one or more MHC epitopes operably hnked to 
a MHC targeting sequence. The use of a KfHC targeting sequence enhances the immune response to an antigen, 
relative to dehveiy of antigen alone, by directing the pqitide epitope to the site of MHC molecule assembly and 
transport to tiie cell suxfeu^e, tiiereby providing an increased niuhber of MHC moleciile-peptide epitope 
con^lexes available for binding to and activation of T cells. 

MHC class I targeting sequences can be used in the present invention, e.g., tiiose sequences 
that target an MHC class I epitope peptide to a cytDsolic pathway or to the endoplasmic reticulum (se^ e.^., 
Rammcnseeera/., Imntunogenetics 41 illS-TlS (1995)), For example, the cytosolic patiiway processes 
endogenous antigens that are expressed inside tiie cell. Although not wishing to be boimd by any particular 
theory, cytosolic proteins are thought to be atleast partially degraded by an endopeptidase activity of a 
proteasome and tiien transported to the endoplasmic reticulum by the TAP molecule (transporter associated with 
processing), hi the endoplasmic reticulum, the antigen biiids to MHC class I molecules, ^idoplasmic reticuhmi 
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sigml sequences bypass the cytnsoHc pr oce ssin g pa&way anddtrecfy taiget endogenous aniigez^ to fee 
endoplasmic rBdca}tmi,wkeie proteolytic degradatkmn^ SnchMHCdassI 
targeting sequences azeweU known in fee azt; and inch»^ e.g^ signal seqoeiKessttdi as feosefiomlg kappa 
,tissae plasminogen activator or insuUn. A arefm ed signal peptide is fee hnrnm Ig kgya tMn ^^^t*^ 
Endoplasmic r^ioihnn dgnal sequences can also be iise^ 
redcuhm^ fee sife of MHC class I molecule assembly. 

MHC class n taigeting sequextces can also be used in fee invention, e.g., feqse feat taxget a 
peptide to feeendocytic pafeway. These taigeting sequences typically direct ^ctzacellular antigens to enter fee 
endocytio pafewiqr. which xesults in fee antigm being tiansfeaed to fee ^sosomal eompsxtmrnX whexe fee 
antigen is proteofyticaflydeaved into antigea peptides for bindi^ Aswifefee 
nomia] iaxx:essing of exogenous antigen, a sequence feat directs a MHC dass n epitope to fee endosomes of fee 
endocytic pafeway and/or subsequently to lysosomes. where fee MHC class U epitope can bind to a MHC dass 
n moiecole, is a MHC class n taigeting sequence. Fot example, gioiq) of MHC class n targeting sequences 
usefiil in fee invention are Isrsosomal taigeting sequences, which localize polypeptides to lysoscnnes. Since 
MHC class n molecules typically bind to antigen peptides derived fiom proteolytic processing of oidocytosed 
antigens in lysosomes, a lysosonud taigeting sequence can function as a MHC class n taigeting sequence. 
Lysoaomai targetiiig sequences are well known in fee art and include sequences found m fee ^^sosomal proteins 
LAMP-1 and LAMP-2 as described by August et al. (U.S. Patent No. 5,533,234, issued May 27, 1997), which is 
mcorporated herein by reference. 

Ofeer l>^osoina] proteins tiiat contain lysosomal taigeting sequences include HLA-DM. 
HIA-DM is an endosomaVlysosomal protein feat functions in j&cilitating binding of antigen peptides to MHC 
class n molecules. Since it is located hi the lysosome,HlA-DM has a lysosomd taigeting sequence 
function as a MHC class H molecule taigeting sequence (Copier ^al., J. Inununol 157:1017-1027 (1995), 
which is incorpcMrated herein by lefereuce)^ 

The resident lysosomal protein HLA-DO can also fimction as a lysosomal targeting sequence. 
In contrast to fee above described resident lysosomal proteins LAMP-1 and HLA-DM, which encode specific 
'iyrK:ontahung moti£i tiiat target proteins to lysosomes, HLA-DO is targeted to lysosomes by association wife 
HLA-DM (Liljedahl et al. EMBOJ, 15:4817-4824 (1996)), which is inooipoiated hcrcm by reference. 
Therefore, fee sequences of HLA-DO tiiat cause assodation wife HLA-DM and, consequently, translocation of 
HLA-DO to lysosomes can be used as MHC class n targeting sequences. Similarly, fee murine hdmolog of 
HLA-DO, H2-DO, can be used to derive a MHC class II taigeting sequrace. A MHC class n epitope can be 
fiised to HLA-DO or H2-DO and targeted to lysosomes^ 

hi anofeer example, fee cytoplasmic domains of B cell recq>tor subunits Ig-a and'^-P mediate 
antigen internalization and increase fee efiSciency of antigen presentation (Bonnerot et oL, Immunity 3:335-347 
(1995)), which is incorporated herein by reference. Therefore, fee Qftoplasmic domains of fee Ig-a and Ig-P 
protems can function as MHC class U targeting sequences tiiat target a MHC ckss n epitope to fee endocytic 
pafeway for processing and binding to MHC class n molecules. 

Anofeer example of a MHC chiss II targeting sequence tiiat directs MHC class II epitopes to 
fee endocytic pafeway is a sequence that directs polypeptides to be secreted, where tiie polypq>tide can. enter die 
endosomal pafeway. These MHC class n targeting sequences tiiat direct po]ypq>tides to be secreted mimic fee 
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somialpadEwaybx whidiexogenoos, extmcelhilar aotigem aie processed mtD pq>tid^ 

n molecules. Any signal sequence fliat fiincliona to direct a polypeptide tooag^ ihe eiKlnp lagmifl w^flnTiTm imA 

oltnnatBly to be secreted can fimclKm as a MHC class II taxgetmg soqpience so long as ^ secnted p^ypq>tide 

can enter fee endosomal/lvsosoinal pafliway and be cleaved into pq>tMea fliat can bnri tn Mfrr i*u»^ Tf 

molecules. 

In another exan^le, fee li protein binds to MHC class n molecules in fee eadoplasnuc 
reticulam, where it functions to pzevent peptides present in fee endoplasmic r^colum from binding to fee MHC 
class n molecules. Therefeie, fbsion of a MHC class n epitope to fee £1 {s:otein targets fee MHC class II epitope 
to fee endoplasmic reticotum and a MHC class n molecule. For exan9>le» fee CLIP sequence of fee n protein 
can be removed and iqilaced wtt a MHC class n epitope sequence so feat fee 
to fee endoplasnoic r^iculuin» wfaete fee epitope binds to aMHC class n molecule. 

In some cases, antigens themselves can serve as MHC class n or I targetiiig sequences and can 
be fused to a universal MHC class n epitope to stimulate an iminnne response. Ahhoug^ cytoplasmic viral 
antigens are generally processed and presented as con^lexes wife MHC class I molecules, long-lived 
C3rtoplasmic protdns such as fee influenza matrix protein can oxter fee MHC class n molecule pn>cess ing 
pafeway (GH]^;uen & Long, Proa Nad, Acad. ScL USA 93:14692-14697 (1996)), which is incoiporated herein 
by reference. Therefore, long-lived cytoplasmic proteins can function as a MHC class 11 targeting sequence. 
For example, an expression vector encoding influenza matrix protein fused to a universal MHC class 11 epitope 
can be advantageously used to target infhimza antigen and the muversal MHC class n epitope to fee MHC class 
n pafeway for stimulating an inmrimie response to infhienTO, 

Ofeer exan^les of antigens fimctioiung as MHC class II targeting sequences include 
potypeptides that spontaneously form particles. The polypeptides are secreted fiom the ceO feat produces feem 
and spontaneously form particles, ixdiich are taken up into an antigen-presenting cell by endocytosis such as 
receptor-mediated endocytosis or are engulfed by phagocytosis. The particles are proteotytically cleaved into 
antigen p^tides after entering the endosomal/lysosomal pafeway. 

One such polypeptide that spontaneously forms particles is HBV surface antigen (HBV-S) 
piminsky et al. Vaccine 15:637-647 (1997); Le BorgjoeetaL, Virology 240:304-315 (1998)), each of viduch is 
incorporated herein by reference. Another polypeptide that spontaneously forms paticles is HBV core antigen 
(KuhrOber et al„ InteniaUonal Immunol 9:1203-1212 (1997)), which is mcorporated hereto by reference. Still 
anofeer polypeptide that spontaneously forms particles is the yeast Ty protein (Weber et al. Vaccine 13:83 1-834 
(1995)), which is incorporated herein by roference. For exan^jle, an expression vector containing HBV-S 
antigen fused to a universal MHC class n q>itope can be advantageously used to target HBV-S antigen and fee 
universal MHC class H epitope to fee MHC class IE pafeway for stimulating an immune response to HBV. 

AHniiniif»^tion//i Vivo 

The invention also provides metiiods for stimulating an immune response by administering an 
egression vector of fee invention to an individuaL Administration of an expression vector of the invention for 
stimulating an inmiune response is advantageous because fee expression vectors of fee invention target MHC 
epitopes to MHC molecules, feus increasing fee number of CIL and HTL activated by fee antigens encoded by 
fee expression vector. 
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Mtialfy. tb& e xpr ession vectors of ^ investton axe scxeesiBd in mouse to dttemine ^ 
eaqpresaion vectois having cytimal activity in stimabting a desired imnnme response, ioxtial sfndies are 
ftfeerefore carried om, wlifire possible; wifli niMise gsaes of flie MHC targ^fng seqnenees. Mediods of 
d elKim i i i Mig die activily of fiie escpiession vectoxs.of dieinventian are weU Ioioto indie ait ai^ inelude. fixr 
5 ffxainplftj flie uptate pf ^-ttymidine to measure T cell activation and die release of ^*Cr to mearaxB CTL 

ac^vity as described bekiw in Exiaiq>les II and IH Experfmfjits simOar to diose described in Example IV are 
perfoaned to detozmne die e^ressicm vectors having activity at stmmlatmg an reqx>nse. The 

expression vectors having activity are furdier tested in human. To ciicuuivent potential adverse inmumological 
responses to encoded niouse seqaeniBes» die ejqiression veetois having activi^ 

10 class ntaxgc&g sequences are derived from human genes. For cxample»8uh8titodonofdie analogous regions 
of die human homologs of genes containing various MHC class H targeting seqpieaces are substituted into die 
egression vectois of die Invention. Expression vectois containing human MHC class II targeting sequences, 
such as those described in Bxanple I below, are tested for activity at stimulating an immune response in human. 

The inventicHi also relates to pharmaceutical compositions comprising a (diaimaceutically 

1 5 acceptable carrier and an esqiression vector of die invention. Fhaimaceutically acceptable cairieis are well 
known in die art and include aqueous or non-aqueous solutions, suspensions and emulsions, including 
physiologically buffered saline, alcdiol/aqueous sohiticms or other solvents or vehicles such as glycols, glycerol, 
oils such as olive oil or ii^'ectable organic esters. 

A phazmaceutically acc^table carrier can contain physiologically acceptable compounds diat 

20 act, for exanq>le, to stabilize die expression vector or increase the absorption of the expression vector.. Such 
physiologically acceptable conD^tmds include, for exan^le, carbohydrates^ such as glucose, suoose or 
dextcans, antioxidants such as ascorbic add or ghitadiione, chdathig agents, low molecular weight polypeptides, 
antimicrobial agents, inert gases or odier stabilizers or excipients. Expression vectors can additionally be 
complexed with other conqMnents such as peptides, polypeptides and carbohydrates. Expression vectors can 

25 also be complexed to particles or beads diat can be administered to an individual, for example, using a vaccine 
gun. One skilled in the art would know that the choice of a pharmaceutically acceptable carrier, in cluding a 
physiologically acc^table confound, depends, for example, on the route of administration of die expression 
vector. 

The invention further relates to methods of administering a pharmaceutical conqx3sition 
30 con^rising an expression vector of the invention to stimulate an immune response. The expression vectors are 
administered by mediods well koown in die art as described in Donnelly et al. {Ann, Rev. Immunol 15:617-648 
(1997)}; Feigner etal. (U.S. Patent No. 5,580,859, issued December 3, 199Q; Feigner (U.S. Patent No. 
S^KBflSS, issued December 30, 1997); Carson et al. (U.S. Patent No. 5,679,647, issued October 21, 1997), 
each of whidi is incorporated herein by reference. In one embodiment, the minigene is administered as naked 
35 nucleic add. 

A pharmaceutical composition con^rising an e^qiression vector of the invention can be 
administexed to stimulate an immune response in a subject by various routes including, for example, orally, 
intiavaginally, rectally, or paiCTterally, such as intravenously, intramuscularly, subcutaneously, intraorbitally, 
intiacapsularly, mtrEQ)eritoneally, intracistemally or by passive or £icilitatBd absorption dirough the skin using, 
40 for example, a skin pateh or transdermal iontophoresis, respectively. FUrdiennore^ die composition can be 
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admixnstBied by injectkm, i n t n b ati on or topicaUy, Ibe lattei of wfaidi ranbe pasive, for exazx^le^ by direct 
apidicatioii of an ointment or powder- or acdvB^ fgr example, nuin^ a unjanl upray nr ttihi>l<rn t Anexpression 
vector iJso can be mtmtnistBged as a topical spray, in w 

appropriate loopdlant The phaimaceiitical composition ateo can be incosporate^ 
microspheres or oOter polymecmattioes (Feigner etal^ U.& Patent No. S,7Q3,QS5; Grtgoriadis* Liposome 
Technohgy, Vols..! to in (2nd ed. 1993X each of which is incorporated herein by refieience). Lqxjsoimes, for 
exasxsple, wbkk consist of |^spho]^>ids or otiber lq>ids, are nontoxic, physiologicalfy acceptable aiid 
metabolizable canieis ih^t are relatively simple to make and a dministe r. 

The eoqsiession veclom of ^ mvendoo can be deHyered to die mterstitial spa^ 
an animal body (Feigner et al^ UJ3. Patent Nos. 5^^0.859 aiKl SJd^fiSS). Administiation of eiqiresston 
vectDis of tiie invention to nmsde is a pazticalarly efiTective medxxl of a dmiui sUation, including mfmiiflTTiini and 
subcutaneous iigections and traosdermal administration. Transdennal admimstxation, such as by iontophoresis, 
is also an effective me&od to deliver e?qsression vectors of die invention to mnscle. Epidomal administiation 
of eaqsression vectors of die inventran can also be en^loyed. l^idexmal administration involves mechanically 
or chemically ircitattng die outermost layer of ^idennis to stnnulato an immune response to the initant (Caison 
et aL. U.S. Patent No, 5.679,647). 

Otho: efTective ntediods of administering an ^qnession vector of the invention to stimulato an 
immune response inchide mucosal administration (Caison et aL, U.S. Patent No. 5,679,647). For mucosal 
administration, the most effective mediod of adznimstration includes intranasal administration of an appro pr i ate 
aerosol containing the expression vector and a pharmaceutical con^sition. Siqipositoiies and topical 
prqsarattons aie also effective for delivery of expression vectois to mucosal tissues of genital, vaginal and 
ocular sites. Additionally, expression vectors can be conq)lexed to particles and administoed by a vaccine gmL 

The dosage to be administmd is dependent on die mediod of administration and will 
generally be between about 0. 1 )xg up to about 200 fig. For example, the dosage can be from about 0.05 yLg/kg 
to about 50 mg/kg, in particular about 0.005-5 mg/kg. An effective dose can be determined, for exan^le, by 
measuring die immune response after admioistration of an expression vector. For exanq)le, die production of 
antibodies specific for die MHC class n epitopes or MHC class I epitopes encoded by the e^qnession vector can 
be nieasured by medKxIs well known in the art, inciwiitig BLISA or other iioamunological assays. In addition, 
the activation of T helper cells or a CTL response can be measured by methods well known in the art including, 
for exanple, die uptake of ^H-thymidine to measure T cell activation and the release of **Cr to measure CTL 
activity (see Exan^les II and m below). 

Hie pharmaceutical compositions composing an expression vector of the invention can be 
a dminis tered to mammals, particularly humans, for prophylactic or theiapmtic purposes. Examples of diseases 
diat can be treated or prevented using the eiq^ression vectxnrs of die invention include infection widi HBV, HCV, 
HIV and CMV as weD as prostate cancer, renal carcinonm, cervical carcinoma, lymphoma, condyloma 
acuminatum and acquired immunodeficiency syndrome (AIDS). 

In therapeutic applications, the expression vectois of the invention are admmistered to an 
individual already suffering from cancer, autoimmune disease or infected with a virus. Those in the incubation 
phase or acute phase of the disease can be treated with expression vectors of the invention, including those 
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esspiGSshig all unhrcnal MHC dass II epitopea^ sqsazately ot in coxtjunction wi& oliier teatmaxts» as 
Hlipiopijatc. 

hi fbeapcatic and propliylactic ^Hnations,- pharmsfimtical compositions comprismg 
eqnession vectocs of tiie inventkm are admimstered to a padeot in an amount sofBcieat to elicit an efifoctive 

5 mrnnme response to an antiggn aim! to amfeKflTflfe the fiigiw nr gym ptwrna of a disitiasA. The amount ofcaqseSSiaQ 
vector to administer €iat is sufficient to amcHomtB the signs or synqitoms of a disease is tmn^ a 
dierapeuticany effective dose. The amount of e3q>ressiQQ vector sufficient to achieve a thmpeuticalty effective 
dose will depend on &e pharmaceutical composition comprising an expression vector of the invention, tiie 
manner of admsnstiation. tibc state and severity of die disease being tt^^ 
10 . hcalfti of the patient and flie judgment of tiie prescribing physician. ..... 

EXAMPLES . 

The foQowing cxanq>les are offered to il]nstrate» but no to limit die clai Itis 
understood that the examples and emhodimenis described herein are far ilhistrative purposes only »«H fliat 
15 various modificaticms or changes in Hght hereof are suggested to pmons skilled in the art and are to be 
included within the spirit and purview of diis application and scope of tiie steaded claims. 

Examples 1-9 provide examples of assays for evaluating the immnnogenicity and antigenicity 
of polyepitopic constructs. 

V 

ANnQENicmr assaxs 

High-afGnity peptide-speciiic CTL lines can be generated from splenocytes of transgenic mice 
that have been primed wifli DNA, pcptide/IFA, or l^)q>eptide. Briefly, splenocytes from transgenic mice are 
stimulated 0. 1 fig/nil peptide and LPS blasts. Ten days after the initial stimulation, and weekly thereafter, cells 

25 are restimulatedwiAO^S blasts pulsed for 1 hour widi 0.1 ^g/ml pej^ide. CTL lines are assayed S days 

foUowmg restimulation in an /h situ IFN-y EliSA as described above. Alternatively, CTL lines that are derived 
from, eg. , patients infected with the tai^eted pathogen or who have tb& targeted disease^ ^g., canca, can be 
used Specific CTL lines that are not available eitiier from transgenic mice or from patents are generated from 
PBMC of normal donors, drawing on the expertise in the art 

30 Target cells to be used in these assays are Jurkat or .221 cdls transfected with A2.1/K^ 

Al 1/K\ a l/K^ or B7/K^ for CTL lines derived from transgenic mice. All these cefl lines are currently available 
to us (Bpunmune hic., San Diego, CA). In tiie case of human CTL Imes, J2l cells transfected with^ 
appropriate human HLA allele are utilized. We currendy have .221 cells transfected widi A2 and Al, and are 
generating All, A24 and B7 transfectants. In an alternative embodiment, if unforeseen problems arise in 

35 reject to target cells, LPS blasts and EB V-transformed lines are utilized for murine and human CTL i faes , 
respectively. 

To assay for antigenicity, serially dihited CTLs are incubated with 10^ target cells and 
nmltq>le peptide concentrations ranging from 1 to 10*^ \iefmL, In addition, CTLs are also incubated with target 
cells transfected with an episomal vector containing a minigoie of interest. Episomal vectors are known in die 
40 art. 
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The relative wmfffnit of p^tide generated by natural processmg wi&in flie niinigen&- 
transfectBdAFCsisqpantitatedasfbllows. Theanzoont of IFN-r generated by the CII« lines 
of die transfected target cells are recorded. The amount of syndxetic p^tide necessary to yield the sanzs anbount 
of IFN^ are inteiiK>]atBd £Kxm a standanl cnxve gaie^^ 
known concentatioas of p^tide.- 

o 

MICB, IMMUNIZATIONS AND CELL CTJT.TrrRRc^ 

The derivation of HLA-A2.1/^ [VhieUo et aL, J Exp Med, Vol 173(4):1007-15 (1991)] 
and All/K.*" [Akxancto et aL, J Immunol, Vol 159(10):4753.-61 (1997)] transgenic mice used in dus study has 
been described. HLA B7 and Al^^ transgenic mice are available in house (Bpinmtune foe., i?fm Diego, 
CA). HLA DR2, DR3 and DR4 transgenic mice are obtained from C. David (Mayo Clinic). Non-tnmsgenic H- 
2^ mice are purchased from Charles River LaboratQries or odter commercial vendors. Immunizations are 
perfonned as i»eviousIy desoribed [Ishioka et aL, JDrmtmok VoL 162(7):3915-25 (1999)]. All cells are grown 
in culture medium consistmg of EPMI ltS40 medium widi HEPES (Giboo Life Technologies) siqjplemented 
- widi 10% FBS, 4 mML-glutamine, 50 |iM2*ME, 0.5 mM sodium pyruvate, 100 ^gtol s tie pUmiy cin and 100 
U/ml penicillin. 

HLA transgenic mice and antigenicity assays are used for die purpose of testing and 
optimization CTL responses. The natural crossreactivity between HLA-DR and lA* can also be exploited to test 
HTL responses. This evaluation provides an assessment of the antigenicity and immunogenidty of polyepitopic 
constructs. 

PROLIFBRATIQN ASSAYS 

To assess the ability of HTL epitopes to induce an imxxxune response, assays such as 
proliJferation assays are often performed. For example^ znouse CD4 T fyn^hocytes are irmnunomagnetically 
isolated from splenic single cell suspensions using DynaBcads Mouse CD4 (L3T4) (Dynal). Briefly, 2 x 10^ 
spleen cells are incubated widi 5.6 X 1 O^inagnetic beads for 40 minutes at 4*^ C, cuxddiea washed 3 times. 
Magnetic beads are detached using DetachaBead Mouse CD4 (Dynal). Isolated CD4 T lymphocytes (2 x 10^ 
cells^vell) are cultured with 5 x 10* irradiated (3500 rad) syngeneic spleax cells in to^licate in flat-bottom 96- 
well microtiter plates. Purified peptides are added to wells at a final concentration of 20, 1, 0.05 and On g/ml 
and cells are cultured for a total of 4 days. Approximately 14 hour before harvesting, 1 ^Ci of ^-thymidine 
(ICN) is added to each well. The welb are harvested onto Umfilter CT/B plates (Packard) using flie Filtermate 
Harvester (Packard). ^-Thymidine incorporation is d^ermined by liquid scintillation counting using the 
TopCount*^ mioroplate scintillation counter (Packard. 

BX AMPLB4; 

"CHROMIUM RELEASE ASS AV 

This assay to measure CTL activity is well known in the art The assay quantifies the lytic 
activity of the T cell population by measuring the percent ^^Ck released from a '^Cr-labeled target population 
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{BnioDaetBl^ Immunology, VoL 14(2):181-S^ (1968)]. Data derived from the doomxum idsase assay is 
nsiiaqy oiiH C SScd either as a CIL fisqoeocy/lO^oen (liiniting dihitioa analysis^ LDA; [Ctarent Protocols in 
Bmamology^ Vol 1, jQfan Wiley & Soik^ Xac^USA 1^1 Chspter 3; Manual of CHnical Labaraiory 
ilnmuno/^, Fifttieditiaiu 1997 SecdmR], or by a less cmnbersome ipiagtftativeaflWtfgniTgnt of 

S balk CIL activity [lytic Umt8;LU assay]. &i a IIJ assay, ^ stazidard E:T ratio v«5as peiceot cytotoxicij^ data 
curves generated in a 'k>-r«lease assay axe convertBd into lytic units (LU) per 10^ effector cells, with 1 LU 
defined as the lytic activity required to achieve 30% fysis of target cells [Wundeilicky Shearer, Q., and 
Livingston, A. Iiu J. CoUgan, A. Kinisbeek* D. Marguhes. E. Shevadi, and W. Ste 
Protocols in Immunology^ Vol 1, *'Assays for T oeH fimction: indnction and measuraaent of cytotoxic T 
10 lynqihocyte acthdty." John ^X^ky ft Sons, Inc./USA, p. 3.1 1.18]. The LU calculation allows qnantifyiiig 
responses and dnis readily co u i paiiug different eaqyeiimenlal values. 

EXAMPLES: 

IS An in situ IFNif ELESA assay has been developed and optimized for bodi fieshly isolated and 

peptidb^estiimilated splenocytes (see, e.g., McKtnney, D.M., Skvoretz, R., Mingsheng, Ishioka, O., Sette, 
A. Characterization Of An In Situ TFK-y BLISA Assay Which is Able to Detect Specific Peptide Responses 
From Fleshly Isolatsd Splenocytes Induced by DNA Minigene Inuminization, in press). This assay is based on 
fhe ELISPOT assay, but utilizes a soluble cfaroxnagen, making it readily adaptable to high*thxou0^>ut analysis. 

20 In both the primary and resttmulation assays, this technique is more sensitive than eidier a tcadidonal 

supepiatant BLISA or the ' ^Cr-release assay, in that responses are observed in the in situ BLISA diat are not 
detectable in these odier assays. On a per cell basis, die sensitivity of die in situ BLISA is approximate^ one 
IFN-^ secretiqg cell/10^ plated cells. 

96-well BLISA plates are coated with anti-IFN-y (rat anti-mouse IFN-a mAb, Clone R4-6A2, 

25 Pharmingen) overnight at 4^C, and then blocked for 2 hours at room temperature with 10% FBS in PBS. 

Serially diluted pdmary splenocytes or CTLs are cultured for 20 hours with peptide and 10^ Judcat A2.I/K^ 
cells/well at 37*^C with 5% CQi. The following day, the cells are washed out.and die amount of IFK-7 that had 
been secreted into the wells is detected in a sandwich BLISA» using biotinylated a-IFN-7 (tat anti-mouse EFN-y 
mAb, Clone XMG1.2, Phanningen) to detect the secreted IFN-^. HRP-coiqiled strepavidin (Zyme^ and 7MB 

30 (hnnnmoPure® TMB Substrate Kit; Pierce)''are used according to the manufiicturer's directions for color 

development. The absorbance is read at 450 nm on a Labsystems Multiskan RC ELISA plate reader. In situ 
IFN-y BLISA data is evaluated in secretoiy units (SU), based on the number of cells that secrete 100 pg of IFN-y 
in response to a particular peptide, corrected for the background amount of IFN in the absence of peptide. 

35 ]B?fAMPX^ft 

BLISPQT ASSAY 

The ELISPOT assay quantifies the frequency of T cells specific for a given peptide by 
measuring the cqsacity of individual cells to be induced to produce and release specific lymphokines, usually 
IFN-y. The increased sensitivity of the ELISPOT assay has allowed investigators to detect responses from cells 



10 



wo 01/47541 PCTAJS00y35568 

41 

freshly isolated £xmi infected Innmuis or eaqperimeotal animals (Mmali-SziBlma et aL, Inanuntfy, VoL 8(2): 177- 
87 (199S); QggetaL. Science, VoL 279(5359):2i03-6 (1998)]. HzeEUSPOT assays are conducted as 
d6scra)eda]»ve for 1beIFN-^ELISA.imdl^ final 8tBp8»vtto^ 1:500 dilution) is used 

in place HRF-stKpavidm. Oolor is devdoped using tixesub8tatB5-BCaP(BioRad)accoid^ 
manu&cturer's directioiis* Spots are counted using a phase contrast microscope, AUemativefy, spots are 
counted utilizing die Zeiss KiSEUSPOTreada. in diis case the BCZP/NBT substrate is used. 

. The ELISPOT assay is routinely utilized to quantitate wmromft responses, Hie spots can be 
manually counted, however, m a prefeired mode, a KS BLISFOT reader from Zebs, a microscope-based system 
with software specifically designed to recognize and count spots is used. 



TBTRAMHR STAINING 

Tetramer staining is a flow cytometric technique that detects epitope-spedfic hninan CD8^ T- 
lymphocytes based on die tnteraction between die peptide epitope, class I antigen and the T-cell receptor 

IS specific for the epitope. This assay aflows for die rapid quantitation of qyitnpe specific hmnan CDS* T^ 

lymphoc^es in fieshly isolated blood sanqdes. MHC tetcamecs for various HIV peptide/HLA combinations, 
obtained, e.g., from die NIH r^sitoiy (Tetramer Core Facility: http://www.miaid,mh-gov/reposil/ 
tetramex/indexJitmr). To label epitqpe-specific cells, 1 xlO^ PBMC in a 100 volume arc incubated in the dark 
for 40' minutes with 5 |ig/ml of the appropriate tetramer phis monoclonal antibodies that recognize human CD3 

20 and CDS (available in different fluorocfarome-conjugated fonns fiom comxneicial sources including 

PhazNGogen, San Diego, CA or BioSource,Camarillo,CA). Ihe cells are washed and paiafonnaldehyde fixed 
prior to analysis using a FACsan or FACSCahbur flow cytometer ^ecton Dickinson Immunocytometiy 
S3^tenis, San Jose, CA). Sanq>l6 data are analyzed using CellQuest software. 

25 g)pVMf?:^E8; 

ASSAYS FROM CLINTCAL SAMPLES 

Various assays to evaluate the q^ecific GD8'^ CTL activity in frozen FBMC sano^les ftom 
patients or vohmteers can be used. ELISPOT, chmminnl release. In situ IFN-y release, proliforation and 
tetramer assays are all useftd to evaluate responses fiom various experimental models, e.g., those of murine 

30 and/or primate origin. 

Experimental methods for the murine version of these assays are desoibed above, anil these 
are adapted to human systems as described [Livingston et al, Jlnmaatol Vol. 159(3): 1383*92 (1997); Headicote 
et al.. Hipatohgy, Vol 30(2):531^ (1^); Livingston et al., JImnumol VoL 162(5):3088-95 (1999)] and can 
be fordier adapted a recognised by one of ordinaiy skill in the art Calculations on die amounts of ftozen PBMC 

3S samples necessaxy to complete die assays are also described greater detail in Example 14. 

TRANSGENIC ANIMALS 

Transgenic mice (HLA-A2.1/K*' HLA-Al l/K^ HLA.A1/K^ HLA.B7/K:*0 
40 . immunized intramuscularly in the anterior tibialis muscle or subcutaneously in the base of the t^^^ 
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to 100 of DNA. or peptide in 10-100 [il volants. DNA is fbnmilatedin saline* andp^itidss in inconqdete 
Frei]nd*8 aiQavant 1 1«^1 ^nyw «Trinmlff m mrificftd nmrg ^ AffphyTrifltimi, thgir cpleeim removed 

andnsedastftesonroeof cdls tofavffrpdffrBrmTTO IVpkally, 3-6 ndo& pear expeda^ntal 

gmup aie used, in flddirinii, fip1«»<ma fTfwn turn^mrrmnW^ ml ee are used a ytnrfti* nf Apf? far r^ ftfimilft tinn fif 

CTTL ciiltuies. Bo& sales and fonales of 8-12 weeks of age axe used. 

DBMONSTOAHON of simultaneous induction of responses ag ainst MULTTPLB CTL 
ANDHTLEPTTOPBS 

CftMftii9tt<ffl ffld tesfag 9f cix q?ftffpff gtijngg; 

This example provides an example of testing muO^le CTL and HTL q>itppes. For exanople, 
epitope strings encnmpasstng 10-12 different CTL epitopes under the control of a single promoter are 
synthesized and incozpoxated in a standard plasmid, pcDNA 3.1 (]iivitrogen» San Diego) or a plasmid from the 
NOVL (National Gene Vector Laboratoty, Umveisity of Michigan). Tbese coDStmcts include a standard signal 
sequence and a tiie univeraal HTL epitope^ PADRE^M^ Baehsetofqntopes is chosen to allow balanced 
population coverage. To &dlitate testing and. optimization, a balanced representation of epifcopes tiiat have beoi 
shown to be immunogenic in transgenic mice, and/or antigenic in humans are included. 

The specific order of these CTL epitopes is chosen to minimize C3ass I junctional moti£i by 
the use of tiic computer program, EPISORT™, as described herein. I^ despite best efforts regarding order 
optimization, potential junctional ^itopes axe still present in a construct in accordance with Qie invention, 
corresponding peptides are synthesized to monitor for CTL responses i^gainst such epitopes in HLA transgenic 
mice. Generally, minimization of junctional motifs is successfiil and adequate. However, if responses against 
any junctional epitopes are detected, these junctional epitopes are disnqsted by the use of short one to two 
residue spacers, such as K, AK, KA, KK, or A, compatible with expected {soteofytic cleavage preferences 
discussed in the previous sections. 

Since the ultimate use of optinuzed constructs is a human vaccine, optimized human codons 
are utilized. However, to facilitate tlie optimization process in HLA transgenic ixuce, care are applied to select, 
whenever possible, human codons lhat are also optimal for mice. Hainan and murine codon usage is very 
similar (Codon usage database at ht^i/Avww Jcazusa.or.jp/cod<Hi/). 

Human cells transfected with the various minigene vaccine constrocts can be used in 
antigenicity assays, conducted in paralld with in vivo testing in HLA transgenic mice. Any potential 
discrq)ancy between minigene vacdne effica^, due to the differential codon usage, is addressed by the 
availability of tiiese two different assay systems.. 

Typically, antigenicity and immunogenicity testing of plasmid constructs is conducted in 
parallel. In vrvo testing in transgenic mice are performed for A2, Al 1, B7 and Al HLA transgenic mice. 
Following a protocol well established in our laboratory, cardiotoxin pretreated mice are injected ion. with 100 
[ig of each plasmid and responses evaluated eleven days later [Ishioka et al, JJmmwtcl, Vol 162(7):39 15-25 
(1999)]. Assays will include ELISPOT from freshly isolated cells, as well as interferoxi gamma release and 
cytotoxicity chromium release assays from restimulated cell cultures. All of the above mentioned tftftiitrfgtiffs 
are well established in the art. Initial testing is focused on die 8 HLA A2, 9 HLA All and 6 HLA B7 restricted 
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epitopes for wiacbiniinmiogei^^ -jlie 
ffiirailtaiffi ona meaffliraDeat of reqxmses agamst &fi^ qritopes is not problematic, as large ookmies of transgenic 
inice are a]re&ifye8tab]i8hfid''ia boosed these Qroiqaoffoiir to aixxniceaie adequate to 

n^asurerespGoses against six to trndifTerait epitopes, in au^ Testing of HLA Al- 

restricted, mv-dfirivedepitc^ in HIAAltnuisg^ However, should problems 

be encountered, antigenicity testing using lanna^ 
conq>lement the transgenic mice studies. 

For the purpose of e xtending the conelation between imnmnogenicity in transgenic ofiTmalfl 
and antigeiiicity. as noted in the studies reported herem, antigenicily testing is utilized to evahiate responses 
against qatopes such as Pol 498, Bnv 134, Nef 22 1 , Gag 27 1 , for whidtk high afBoit/ CTL lines are aheady 
availabie in house. For die purpose of gena:atmg addffimial suitable CTL lines, dkect immunoation of HLA 
transgenic mice witii pq>tides emulsified m adjuvant or l^>op^tidcs axe utilizied, as described herein, and 
routinely applied in our laboiatcny, to goierate lines for use in antigenicity assays. 

Antigenicity assays are also used, as a primary readout f<ff epitopes for which in vivo 
optimization experiments are not feasible. These epitopes hichideA24 and possibly Al restricted q>itopes, as 
well aiQf epitope which is non-hnmunogenic in HLA transgenic rnice. In any such cases, we use human CTL 
lines, generated fix)m HIV exposed individuals. Altematxveiy, we gaierate CTL lines for in vUro CTL 
induction, using OvlCSF/IL4.induced dendritic ceils and per^heral blood lymphocytes [Cehs et aL, ProcNaU 
Acad Set USA. VoL 9 1(6);2 105-9 (1994)]. 

^isomal vectors encoding die minigenes are generated and transfectcd into appropriate 
human ceU lines to generate target cells. For exan^ile. tfie human T cell line Jiirkat can be used, but 
b^i^hoblastoidceU lines have also been successfully ntih^ Forexperimentsutilizmg CTL lines of human 
origin, well-characterized HLA-matchcd, homozygous, EBV cell lines are commonly used as a source of 
pnrified-MHC and as target cells and are used as recipients of the minigcne transfections. For experiments 
utiKzmg CTL lines derived from HLA transgenic mice, a coDection of Class I negative, BBV-transformed. 
mutant cefl lines .221 [Shunizu Y, DeMars R, J Immunol, VoL 142(9):3320-8 (1989)] tranafected with 
matching HLA/K** dumeric constructs are used as die recipient of die transactions. Such cells 

effectively present peptide antigens to CTL Imes [Cehs et aL, Froc Nad Acad Sd USA,.Vol 91(6):2l65-9 
(1994)]. 

C:QpgtructiQn and testing of HTTL epjtppe strings: 

^tope strings en c ompas sin g 3-5 different HTL epitopes under die control of a single 
promoter are sjoithesized and incorporated mlo a standard plasmid, pcDNA 3.1 (lavitrogen, San Diego). AH 
constructs inchide an Ig-a targeting sequence. To &ciUtate testing and optimization, each set of epitopes for a 
given minigcne is chosen to provide a balanced rq)rcsentation of epitopes which are already known to be 
immunogenic in lA** mice. The epitope order is chosen to minimizft the presence of junctional epitopes by the 
use of the BPISORT program. In addition, all die peptides coiresponding to junctions are syndicsized and tested 
for binding to lA** and. most importantly, for bindmg to a panel of fourteen different DR molecules, 
rq3resentative of the most common DR alleles worldwide [Soudiwood et aL, JImnnaioK VoL 160(7):3363-73 
(1998)]. Thus, HTL qsitopes tiiat are not duccted to an antigen of hiterest are not created wifldn tiiese plasmids. 
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However, should janctional regions wifii good DR bindiqg poteirdal (aod hence, potGodal DR restxictsd 
inszninogemci^di vAo) be d^ectedL a spacer such Inallcoiistnicts, 
onndser of Caass I Janctional im)tifi wffl 

Biqieriineatal vacciae plasmfds are tested fisr nnnxnnogeniciQf using HLA DR transgenic mice 
5 and/or mice of the H2b haplotype; Itotiferaticm and/or cytokine production are measured (11^ Bia 
typical protocol, cavdk»to7dn treated mice are iiyected vsxl with 100 micrograms of each plasmid and responses 
evaluated eleven days later ^ahioka et gL^ J Immunol, VoL 162(7}3915-2S (15)99)]. 

1 0 The activities descnbed above yield small, fimcticma] bhicks of epitopes, which axe utilized to 

demonstzate simultaneous responses / antigenicity against all epitopes analyzable. These bbclcs'axe the subject 
to fitr^er optimizatiGzi, as described in the next exan^le. Using these same nadnigenes, immunodominance is 
assessed. Specifically, all the CTL plasmids are mixed together, or all the HTL plasmids are mixed together. 
The results obtained with the nrinfgene pool are ibm compared with tiie results obtained wxfli flie same 

IS minigene, iiyected separately. 

Thesis minigene plasmids are also used to detennine die effects of HTL epitopes on responses 
to CTL epitopes. Specifically, HTL and CTL containing plasmids are pooled and injected in mice, and OIL and 
HTL responses to selected epitopes are measured as described herein. Often, it is determined Tviiether the 
presence, e,g., of HTL epitopes derived from the target antigen enhances CTL responses beyond the level of 

20 response attained using a plasmid-containuig a pan DR binding epitope, eg., PADRE™ or a PADRB funily 
molecule, in the CTL minigene. Typically, it is also detematned whether PADRB inhibits or augments 
responses to taiget antigen-derived HTL epitopes or conversely, if HTL epitopes derived fipom the antigen of 
interest inhibit or augment responses to PADRE. 

Responses to a large number of epitopes is attainable using this methodology. It is possible 

25 that the pooling of constmcts may inhibit responses against some of the weaker epitopes. In this case, the 
pooling esqieciments are rq)eatBd after optimization. 

BXAA ffLBU: 

QPTIMIZA'nON OF CTL AND HTL MINIGENE CONSTRUCTS 

30 This example describes the optimization the CTL and HTL constructs described in Exanople 

10. The potential influence of flanlring residues on antjgftniciQf and inmnmogenicity is also assessed in 
optimizmg ndnigen constructs. These studies involve the inclusion of flanking residues, a synonym for which is 
''spacers," wiiich have been designed to &ci]itate effective processing. 

Such an analysis can be performed as follows. First, the results of testing of the OIL muhi' 

35 epitope constructs described in Example 10 are analyzed for trends and correlations between activity and die 
presence of specific residues at the 3 residues flanking the epitope's N- and C-tenninL Epitopes for which 
suboptimal CTL priming is noted, diat are suboptimal with respect to magnttuffR of response^ are the targets for 
flanking region optimization. For each of the CTL minigene vaccmes, encoding 10-12 different CTL epitopes, 
'second generation' minigene vaccines, with optimized configuration, are produced. 
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The first op ttmfeation dedgn is to iiitiodiice eidxer an Alanine (A) or Lysine 0^ lesidue at 
position CflfiaranqritDpes aasociatBd with 81^ A second optimkation design is to 

intixxiiice in die C>1 positicm, the xesidttenatnEa^ 
wifli anttgenieity • 

For selected epitopes, addiHonnl modifications are also introduced. ^ecificaQy.lfaeefEectof 
intrndii r rog otto residue spacm at ttieqntopeC- and N-to^ l>ependingon1he 
results of the amlysis of the minigene vaccines described m Bxample 10, residues investigated may further 
include fiar exan^le, G, <i W, S andT. jonctioznl epitopes are created by fliese xnbdificatiQns» alternative 
epitope ordetseliiBinating tile jimctional epitopes, are ratiofl^^ AUsecond 
generation constructs axe tested for antigenicity and inunuuogeniciiy, as described herein. 

As a result of these modifications, variations in activity that correspond to specific 
modifications of the mmigenes are identified. Certain niod[fications arc found that have general, beneficial 
effects. To confirm this, generation and testing of additional mrni^m^ vaccines in whidi all epitopes (also the 
ones which displayed acceptable antigenicity and immunogenicity) are subject to die same modification are 
conducted. In some mstances, hicreased activi^ is noted for some epitopes but 

certain modifications increase the activity of some^ but deoease the activity of other q>itopes. In such cases, 
additional minigene vaccines are designed and tested, to retain the beneficial modifications, while excluding 
. those alterations diat proved to be detnmeutal or have no effect 

These minigene vaccines are designated so that: a) a mitnTtniTn of predicted junctional 
epitopes are present and, b) die ^itopes which were not functional in tl» previous minigene vaccines are now 
in a new more eCQcacious context 

For HTL minigene vacdnes, die data obtahied fiom die '^t generation*' minigene vacdnes 
are inspected for trends, in temis of junctional epitopes, and qjitope position widun die minigene, and proxhxdty 
to spacers, e.g, GPGPG spacers. If specific trends are detected, second generation minigene vaccines are 
designed based on these trends. Alternatively, in case of minigenes yielding suboptimal activity, the potential 
effectiveness of other targeting strategies, such as die ones based on li and LAMP are reevaluated, and 
compared to no targeting and simple, leader sequence targeting. 

When large variations in activity of eidier the CTL or HTL nnnigene vaccines described in 
this section are detected, the results are consistent with influences such as confomiational or ''long-range'* 
effects impacting minigene activity. These variables can be analyzed by means of current molecular and 
cellular biology techniques. For example, cell Mnes transfected with the various minigenes could be analyzed 
for mRNA expression levels, and stability by Northern analysis or primer extension assays [Current Protocols 
in Molecular Biology, Vol 3, John \TOey & Sons, Lie. USA 1999], 

In all minigene vaccines, an antibody tag such as MVC/his can also be included. This tag 
allows for testing of protein ©qjression levels. Ihe inclusion of MYCVhis tag [Manstein et al.. Gene, VoL 
162(1):129*34 (1995)] also allows detemnnation of die stability of the expressed products, by pulse-chase 
experiments. The results of diese assays can then be compared with the results of the antigenicity and 
imnmnogenicity experiments. TTie results are inspected for die presence of trends and general rules, and 
correlation between the different variables examined. 
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EXAMPLE 12: 

PglBRMWAXtQN OF JBB SIMPUBSTT HASMID OONPIQ URAHQN CAPABLE OP BPPBCITVB 
DBOVHRY OFSHLBCTgP HPITOPBS 

llieeaqienineiite described in Bmi^^ llaiid -12 are designed to addxessvaiiaUes 

concenuDg nunigene vaccine desigo. IdeaDy> a vectelfaat can be used in hnmflns i« ngeH fh mngh fhft entire 
program, but one DMA vaccine plasmid for the vaccine epitope c^itanization studies can be used and dien 
switched to a vector suitable for human uscl Actual vector selection is d^>endeat on several variables. For 
example die availability of vectm^ suitable for human use^ duough a reliable source^ such as d» National Geoe 
Vector Laboratory (Universily of Kfidtigan) is a &ctDL 

hi.duis exanq;)le, die optimizBd minigenes are also hgated to fe™ larger blncte of epitopes. 
All constnicts are preferably designed to iocoipoiate PADRB and leader sequence targeting indie case of CII« 
nunigenes, and Ig-d in die case of HTL ^itope minigenes, respectively. Specifically, two pairs of the 10-12 
OIL epitope minigenes are ligated to generate two 20^24 CTL ^itope nxinigenes. In a situation where ligation 
of epitopes yields suboptimal (decreasecQ activity con^Mied to the smaller minigenes, ahematisre combinations 
and orders of Hgation are investigated. The specific pair of 20-24 CTL epitope minigenes yielding optimal 
activity are then ligated and die resulting minigene encompassing all CTL epitopes evaluated for activity. Once 
again up to two alternative orientations are investigated. Because of die relatively large size of this constnict, 
die specific effect of targeting sequences are confirmed, since it is possible that leader sequence targeting are 
more effective on small size minigenes, while larger size constructs may be most effectively targeted by 
ubiquitin signals. Specifically, one construct without any specific taigettng sequences is generated and 
con^pared to a construct that is targeted for degradation by the addition of a ubiquitin molecule. 

A similar strategy is used for HTL. Two pairs of tbe 3-5 HTL q>itope minigenes are ligated to 
generate two 7-9 HTL epitope minigenes. Once again, in a situation where ligation of these epitopes yields 
suboptimal (deareased) activity, alternative combinations and order of ligation are investigated The specific 
pair of 7-9 CTL epitope minigenes yielding optimal activity are ligated and the resulting minigene, 
enconq)assing all HTL epitopes, is evaluated for activity. Once again, up to two alternative orientations are 
investigated. 

Based on these results an optimized plasmid configuration capable of efSective deHveiy of a 
panel, e,g., of HIV epitopes, are selected for clinical trial evaluation. Of course, epitopes from any antigen of 
interest (infectious or disease-associated) can be used alone or in combination. This configuration will entiail 
one or more HTL epitope minigene(s) and one or more CTL epitope minigene(8). A combination of one long 
CTL and one long HTL minigene capable of effectively delivering all epitopes, is most preferable, as it 
sinqslifies fiirdier clinical development of the vaccine. In case undesirable intoactions between die two 
minigenes are observed when co-injected, injection of die different plasmids in die same animals, but in 
different injection sites, or at different points in time are examined. Altematively, if a single CTL minigene and 
HTL minigene encoding all the desired qpitopes is not identified, pools of minigenes are considered for furdier 
development. 
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EXAMPLE 13: 

BY^AHQN AMP CHARACTORIZAITON OF CD84> LYMPHO C YTE RESPONSES INDUCRn 
FQLLQTONGIMNttMIZATrdMWnHAMn LTI^^ 

CD8+ lymphocyte cesponses are measared mostiy relying on flie EUSFOT teclmiqae. Hie 
BUSPOTassayis!mownmtiieart,andisi^ga]aiiyii^ AamttomatedZdsaBUSFOr 
reader is also used as set forflxhoein. TTie assays utilized to measure CD8+ responses are primarily 
BUSPOT assay, on fieahlyisoktod cells as wen as ccBsrestsaiuklBd^ lii addition, in 

seleclBd instances cbiomium release assays^ are utilize^ 

with die ones obsCTved in the case of die EUSPOT assays. Tetnuncr staining <ai selected peptidc/MHC 
combinations is also be peifhzmed. It should be noted tlmtlbelaigenimiber of potential HLA/^qyt^ 
combinations taigeted by die vaccine migjht nakes tbe use of tetrameric staining reagents as die piteary clinical 
assay mq>ractical, as discussed in more detail in die Background section, under die subheading 'T^easuriog and 
Qoantitating Immune Responses from CSnkal Sauries." 

The dioical assay is developed and validated. Hie thmng of dns activity coincides widi the 
period of time that follows seiecticm of a dioical vaccine minigene, and precedes the availability of actual 
san^les fix>m individuals enrolled in die clinical trial Assays for OIL evaluation can be established based on 
experience in the ar^ for example, cxpcrieace in establishing assays for CTL evaluations in the Phase I and n 
trials of the experimental HBV vaccine. Thradigm [Livingston et al, J Immunol, Vol 159(3): 13 83-92 (1997); 
Headicote et al.. Hepatoldgy, Vol 30(2):531-6 (1999); livihgston et al, J Immunol, Vol. 162(5):3 088-95 
(1999)]. Specifically, FicoU-purified PBMC derived ftom nonnal subjects, as well fixnn, c.^.. HIV-infected, 
unvacdnated volunteers «an be used. As noted previously, other antigenic taiget(s) can be used in accoidance 
with the invention. 

Hie epitopes utilized are a set of A2, A3 and B7 infhieoza-derived.STqiertype epitopes 
[Gianfiani et al., Eur, J, oflnimwioL, (1999)], as well as the epitopes described by Ennis and collaborators 
{Tamura et aL, / Virol, Vol 72(ll):9404.6 (1998)]. This allows validation of die assay, as weU as define 
baseline response levels in the patknt population that is treated. 

After establishing the assay, clinical sanqile are evaluated. Hie general assay strategy is as 
follows. PBMC aliquots shqiped as frozen material are used For APC autologous PBMC pulsed with peptides 
are typically used, since the the qntopes eo^iloyed in die polyepitopic coostmcts are restricted by a large 
collection of diverse MHC Class I alleles, making the use of typed EBV lines as APC and targets in^ractical. 

Both unstimulated and peptide stimulated cultures are evaluated. Some refuses can be ' 
detected in unsti mulat ed cultures, but weaker responses/epitopes may require one or two in vitro restimulations. 
An assay procedure can be performed as foOows. For exan^le, if responses to appxoxunately fifty Class I 
restrK:ted qjitopcs are assayed, seven pools of ^proximately seven peptides can be used. Pools of peptides are 
also used for restimulation. Responses against the PADRE epitope are also measured, bi the case of peptide 
pools yielding positive results, individual peptides are assayed to identify die epitopes responsible for die 
observed response (s). Positive controls include whole Tetanus Toxoid, and/or die mitogen PHA, as well as die 
pool of influenza virus-derived epitopes. Potential junctional epitopes are also synthesized and tested as a single 
pooL 
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Nexli in the case of few selected xesp<md€T peptides aiid 

pyrfimBH rmt giAcr ftggli t%r rggKymilaterl gamplftg and enmlatwrf witli WTTSPfYr AaiA. It flihoilld be OOted tfaflt 

ooty tBtremexs for selected pqitides boimd to commaa alkies, such A*020i. A^0301. A*l 101 and B*07Q2 aie 
produced. The ct^pacity of fliese tdramers to stain cdls which are positive for response against die same 
S pq»tides,bataze restzictedfay other membera of a given supeitype, are t» These results are interest in 
detennming the wid^pread aj^^hcability of diese reagents as a diagnostic/surrogate ooaiker of therapy . 

In tenns of amoiTnts of cells requited for diese analyses, a standard assay can include; for 
exan^le seven peptides groups, one negative and two positive controls (total of 10 groups). For testing in 
dnpUcote, 2 xlO'cells/wdleac^ this coxresponds to 10x2 x2x 10^"4x 10* cells. A conservative 

10 asson^tian of 50% recoveiy ate Rawing provides an estimate <^ Laige 

variations in FBMC counts in clinical subjects are not esq^ectcd, as all individuals are either healthy volunteers, 
or , in the exaniple of HIV-infected patients, HAART dien^y redpients. In conclusion, one aliquot of PBMC 
derived fiom 4-8 ml of blood should is usually sufficient for one round of assays. The assays will usually need 
to be repeated^ either to allow for deternuning which pq>tide8 are positive^ and/or to alio w for restimu]ati<m in 

IS for maximum, sensitivity, orbodL Accordingly, a total of 3-4 aliquots might be required corresponding to 

a total of about 20 ml of blood. 

All publications, patents, and patent i^lications cited herein are herd>y incorporated by 
refeicace in their entirety for all purposes. 
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PCT/US00/35S68 



1 1. A mediod far dftstgnmg a polyepitDpic construct that cpmprLses mnltqJe HLA 

2 epitopes and 18 presmted to an HLA Class I processing padn^ 

3 (i) sorting die mult^le HLA epitK^)e8 to mnimm ^ mmiber of janctional qsitopes; 

4 (u) introdncing a flankiiig amino acid reside sefected from die group consisdng of K, R, N, 

5 Q;G,A,S, Q and Tata OHl position of an HLA q>itopecQnqimed by die polyepit^ 

6 (iii) introducing cne or more amino add qiacerxesidaesbetw^^ 

7 die poly^itx3[ac construe^ whaivin die spacer pxYcnts die occurrence of a CTL or HTL junctional epitope; and, 

8 (iv) selecting one or more polyepitopic constnicts diat have a tntntrpal nnmber of jimctional 

9 epitxipes, a rmnfmal number of amino acid spacer residues, and a maximum number of K. R, N, 0,A, S., C, orT 
10 at a.CH'l position relative to each HLA epitope. 

1 2. The mediod of claim 1 , wherein die spacer residues are independently selected fiom 

2 residues that are not known HLA Class n primary anchor residues. 

1 . 3 . The method of claim 1, wherein introducing the spacer residues prevents die 

2 occuaence of an HTL epitope and further, wiierein a ^acer comprises at least 5 amino acid residues 

3 independent^ selected from the group consisting of G, P, and N. 

1 . 4. The method ofdaim 3^ wherein die spacer is GPGPG. 

1 5. The mediod of claim 1, wherein introducing the spacer residues prevents die 

2 occurrence ofanBrrL epitope and further, wherein die spacer is 1. 2, 3, 4, 5, 6, 7, or 8 amino acid residues 

3 independent^ selected fiom die group consisting of A and G. 

1 6, The method of claim 1 , wherein the flanlring residue is introduced at the C+1 

2 position ofa CTL epitope. 

1 7. The method of claim 1, wherein the fbrnlring residue is selected from the groiq) 

2 consistmg of Bs R* G, and A. 

1 8. The method of claim 1, wherein the flanking residue is adjacent to the spacer amino 

2 acid residues. 

1 9. The method of claim 1 , further comprising substituting an N-termmal residue of an 

2 HLA epitope that is adjacent to a C-terminus of an HLA epitope comprised by die polyepitopic construct with a 

3 residue selected from die group consisting of K, R, N, G, and A. 

1 10. The method of claim 1 , further conq>rish]g a step of predicting a structure of the 

2 polyepitopic construct, and fbither, wherein the selecting step fiordier conqirises selecting one or more 

3 polyepitopic constructs that, when introduced into a cell, is processed by an HLA processing pathway such that 

4 all of the eptiopes included in die polyepitopic construct are produced by the HLA processing padiway.. 
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1 11. Apo|yq>iti^ricccHistrnct pie|»i 'e d asingai^^ 

2 1-9. 

1 12. lliepolyepitopiccoiistzuctof claimll, wfaerem 

2 polyqiitopkamstmctareeitoodedbyanmi]^ 

1 13. Hie polycptiainc construct of claim 12, wberexn the polyepitopk ooostroct csicoded 

2 by the mfnigenc is HIV-TT set out in Figure 9. 

1 14. The polyqiitopic coBStxuct of claim 12, heroin the iK>l3rq)i^ 

2 by die minjgene is the HIV-DG set out in Figure 9. 

1 15. The polyqntopic constzuct of claim 12, wherein &e pdlyepitopic construct encoded 

2 by the minigrne is the HEV-TC construct set out in Figure 9. 
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This International Searching Authority found multiple inventioos in this international application, as follows: 



1. I I As all required additional seaich fees were timely paid by the applicant, thb mtematbnai search report covers all searchable 
' cbifans 



2. [jj As aO searchable chitons could be searched witfiout effort justifying an addidonal fee, tfib Authority did not invite payment 
of any additional fiee. 

3. Q As only some of the requinsd additional search fees were tlmdy paid by the appiicam,diisinten^^ 
only those claims for which fees were paid, specifically chums Nos.: 



4. rn No required additional search fees were timely paid fay the applicant. Consequently, this international seaich report is 
restricied to ttie invention first mentioned hi die cbthns; h is covered by claims Nos.: 



Remark on Protest The additional search fees were accompanied by die applicant's protest. 

I I No protest accompanied die payment of additional search fees. 



Fonn PCT/ISA/210 (conthiuation of first sheet(l)) (July 1998)* 



